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ABSTRACT 


The  predicted  flight  performance  of  a  powered  Parafoil  flight  vehicle 
is  calculated  from  solutions  which  are  obtained  from  the  Parafoil  equations 
of  motion.  Flight  vehicle  total  weights  of  350,  400,  500,  and  540  pounds  are 
considered.  Parafoil  wing  areas  of  200  square  feet  and  400  square  feet  are 
considered.  Wing  loadings  include  .875,  1.0,  1.25,  1.35,  1.75  ,  2.0,  and 
2.7  pounds  per  square  foot.  Steady  state  flight  trim  angles  of  attack  cover  a 
range  from  -6°  to  +  80°.  The  flight  performance  analyses  include  level 
flight,  climbing  flight,  and  descending  flight.  The  computed  flight  parameters 
include  the  total  velocity,  the  rate  of  climb  (sink),  the  angle  of  climb  (des¬ 
cent),  and  the  horsepower  required. for  the  type  of  flight  under  consideration. 
The  calculations  suggest  that  powered  Parafoil  flight  is  possible.  Actual 
piloted  powered  Parafoil  flights  demonstrate  this  possibility  and  confirm  the 
feasibility.  Various  applications  are  suggested. 
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SECTION  I 


INTRODUCTION 


General 

The  predicted  flight  performance  of  various  powered  Parafoil  flight 
vehicles  is  presented  in  this  report  which  is  prepared  for  the  U.  S.  Air 
Force  Flight  Dynamics  Laboratory  under  Contract  No.  F33615-71-C-1093. 

Also,  included  are  some  preliminary  results  from  the  actual  flights  of 
various  versions  of  a  piloted  powered  Parafoil  flight  test  vehicle  called  the 
"Irish  Flyer". 

In  the  sections  which  follow  a  brief  background  is  given  for  the 
university*  the  Parafoil,  the  flight  equations,  and  the  performance  results. 
Some  powei^d  Parafoil  applications  are  suggested. 

Early  Aviation  Interests 

Before  the  advent  of  th~  airplane  in  1903,  the  University  of  Notre  Dame 
had  already  se»  forth  the  basic  criteria  for  efficient  aeronautical  flight 
(L/D)1,  had  carried  out  actual  free  flight  tests  of  gliding  models  of  birds, 
squirrels,  and  aircraft  forms,  1  had  developed  the  principles  of  soaring8, 
had  established  the  basic  requirements  for  stable  aircraft  flight  and  control4, 
and  had  constructed  various  aeronautical  test  equipment  including  the  first 
prototype  wind  tunnel  in  the  United  States.2 *5  The  interest  of  the  university 
in  aviation  has  continued  unabated  over  the  years.  7  The  Department  of 
Aeronautical  Engineering  was  established  in  1935, 7  the  Department  of  Aero- 
Space  Engineering  was  established  in  1964, 8  and  the  Department  of  Aero¬ 
space  and  Mechanical  Engineering  was  established  in  1969. 

Multi-Cell  Kite 

In  December  of  1964  the  Multi-Cell  Kite*  was  tested  at  the  university. 
These  tests  included  kite  tests,  wind  turnul  smoke  flow  observations  and 
aerodynamic  measurements  on  a  cut  down  unit.  The  unique  ram  air  wing 
principle  was  established  and  applied  to  the  design  of  the  Parafoil  by 
Professor  Nicolaides,  Figure 


Parafoil 


The  Parafoil  is  a  flying  wing  with  an  airfoil  section  and  a  rectangular 
planform,  Figure  1.  It  is  made  entirely  of  nylon  cloth  and,  therefore,  it 
differs  from  the  conventional  aviation  wing  in  the  very  important  feature 
that  it  is  completely  nonrigid.  Thus,  it  can  be  packed  and  deployed  like  a 
conventional  parachute.  The  Parafoil  obtains  its  rigidized  flight  configuration 
from  the  ram  air  pressure  entering  the  large  openings  in  the  leading  edge. 

It  is  composed  of  individual  air  cells  connected  by  porous  cloth  ribs  to  allow 
pressure  equalization  throughout  the  interior.  The  exterior  is  made  of  a 
low  porosity  nylon  fabric.  Therefore,  the  air  in  each  cell  and  in  the  Parafoil 
as  a  whole  is  essentially  stagnant  and  ram  air  pressurized.  The  pennants 
along  the  bottom  surface  serve  to  distribute  the  aerodynamic  and  payload 
forces  uniformly  along  the  bottom  surface.  They  also  reduce  the  aero¬ 
dynamic  losses  at  the  tips  of  the  unit.14 


The  Parafoil,  therefore,  is  really  an  aircraft  or  glider  which  can  be 
packed  in  a  small  unit  and  deployed  when  needed.  In  flight,  it  performs  like 
the  conventional  wing  of  aviation  and,  thus  ,  it  may  be  considered  for  many 
applications  not  heretofore  possible.  Some  of  the.  applications  for  which 
Parafoils  have  been  constructed  or  proposed  are: 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


Pilot  Recovery2^ 

Manned  Jump  ^ ,  15 , 17 , 22 
Guided  and  Controlled  Delivery  Systems 
Underwater  Delivery  Systems24 
Munitions  Delivery  Systems 12  >2^ 

Space  Capsule  Recovery  2° 

Kite  Flight 15 

Decoy  and  Countermeasure  Systems 
Homing  Destruction  Systems 
and  others 


22,23 


Powered  Parafoil 

Early  in  the  flight  test  program  the  Parafoil  was  attached  to  a  cart  and 
towed  aloft  to  altitudes  of  500  feet  and  1,000  feet,  Figure  2.  When  the  tow 
line  was  released,  the  cart  with  the  Parafoil  would  glide  to  earth,  Figure  3. 
By  measuring  the  glide  angle  and  the  gliding  velocity,  the  lift -to -drag  ratio 
and  the  aerodynamic  coefficients  of  the  Parafoil  were  determined  in  much  the 
same  way  that  Professor  Zahm  had  done  almost  a  century  earlier  on  the 
campus.  The  gentleness  and  stability  of  these  cart  flights  lead  to  the  intro¬ 
duction  of  a  pilot ,  Figure  4,  and  an  engine,  Figure  5.  21 

*The  Parafoil  is  a  design  and  development  by  Dr.  J.  D.  Nicolaides 
(Patent  Pending  No.  105,836). 


2 


By  1970  it  was  clear  that  additional  attention  should  be  given  to 
powered  Parafoil  flight  both  because  of  the  advances  in  Parafoil  technology 
and  because  of  the  emerging  importance  of  Parafoil  applications  to  powered 
pilot  recovery,  stand-off  weapons  delivery,  and  other  areas.  Accordingly, 
the  University  requested  the  U.  S.  Air  Force  Flight  Dynamics  Laboratory  to 
make  available  some  of  its  flight  vehicles  for  powered  Parafoil  flight  tests. 
Such  an  arrangement  could  not  be  made.  However,  th£  Flight  Dynamics 
Laboratory  continued  to  be  interested  in  the  concept  of  powered  Parafoil 
flight  and  under  Contract  F33615-71-C-10£3  provided  support  for  performance 
calculations.  This  report  provides  the  results  of  these  calculations  and, 
also,  provides  some  experimental  validations  of  the  calculations. 
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SECTION  II 


THEORY  OF  PARAFOIL  POWERED  FLIGHT 


The  flight  of  a  Parafoil  differs  from  the  flight  of  an  airplane  in  that  it 
can  fly  over  a  wide  range  of  trim  angles  of  attack  from  -6°  to  +  SCP.  Also, 
in  an  aircraft  the  wing  is  rigidly  attached  to  the  fuselage  and,  thus,  it 
pitches,  yaws,  and  rolls  with  the  aircraft.  In  the  case  of  the  powered  Para¬ 
foil  vehicle,  the  vehicle  maintains  its  angle  of  pitch  independent  of  the  pitch 
of  the  Parafoil.  Therefore,  in  considering  the  flight  performance  of  a 
powered  Parafoil,  it  is  necessary  to  formulate  suitable  equations  of  motion 
(1)  in  the  case  of  small  angles  of  trim  and  climb,  and  also  (2)  in  the  case  of 
large  angles  of  trim,  pitch,  and  climb.  Further,  the  thrust  line  is  fixed  to 
the  vehicle  and  not  to  the  Parafoil  and,  thus,  its  line  of  action  can  be  at  a 
small  or  large  angle  to  the  horizon  as  may  be  desired  for  obtaining  optimum 
flight  performance.  In  the  two  sections  which  follow  the  equations  of  motion 
for  steady  state  Parafoil  flight  are  formulated  for  small  angle  flight  and  for 
large  angle  flight. 


Small  Angle  Flight  Theory 

The  general  equations  for  Parafoil  flight  are  given  by,  Figure  6. 

Tcos0+Lsiny  -  Dcosy  =  mx*  (1) 

-Tsin  0  -  Lcosy  -  Dsiny  +  mg  =  mz  (2) 

For  level  steady  state  flight,  Equations  (1)  and  (2)  reduce  to 


Tcos0  -  D  =  0 


(3) 


-Tsin0  -  L  +  mg  =  0 


(4) 


The  total  velocity  of  the  Irish  Flyer  in  level  flight  Is  obtained  from  Equations 
(3)  and  (4)  as: 


=  /aw  /  i  \ 

y  PA  \CL+CD  tan  0/ 


(5) 


Tho  value  of  velocity  substituted  into  Equation  (3)  yields  the  thrust  required 
fe  ■  <evel  flight: 


T  =  WCp 

R  (C^cosS  +  Op  sin  6) 


<6) 


4 


The  horsepower  required  for  steady  state  level  flight27  (using 
Equation  3),’  and  the  thrust  available  are  given  as 


s  $  ■  ^  <»>  H-A 


TaV 

150" 


(7b) 


For  small  flight  angles  the  rate  of  climb  is  given  by, 

HP.  cos0  -HPR 

R/C  = - - -  33,000  (feet/minute)  (8) 

W 

y  small 

By  utilizing  Equations  (5)  through  (8)  together  with  wind  tunnel  values 
for  the  aerodynamic  coefficients,  Cl  (a)  and  CD(a),  the  flight  velocity  and 
horsepower  required  for  Parafoil  steady  state  level  flight  may  be  obtained. 


Large  Angle  Flight  Theory 

The  Parafoil  is  able  to  achieve  trim  angles  of  attack,  o^,  from  -6°  to 
+  80°  and  can  achieve  flight  angles,  Y  ,  from  90°  to  above  -  40°.  Thus, 
it  is  essential  to  consider  the  full  equations.  For  steady  state  flight, Equations 
(1)  and  (2)  may  be  written  as 

T  cos  9  +  Cl  ~  PV2Asiny  -  cDy  pv2Acosys0  (9) 

-TsinO  -  Cl 4-  pV2Acosy  -  CD  i-  pV2Asiny  4  W=  0  (10) 

Solving  Equations  (9)  and  (10)  for  the  total  velocity  yields: 

v2  B  TcosO _  /fiv 

(C[)Cosy  -  CLsiny)l/2  pa 


w For  unpowered  gliding  flight  we  may  write: 

Vsu*w  (L/D)  (for  L/D>-3)  (5a) 

Substituting  this  equation  into  Equation  (7a)  and  noting  that  L%  W  we  obtain: 

9  small  (7c) 

This  equation  is  helpful  in  utilizing  gliding  flight  test  results  in  order  to 
obtain  an  estimate  of  the  horsepower  required  for  level  flight  since  the  rate 
of  sink,  w,  is  measured  relatively  easily. 
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2  -  w  -Tsine 

i/2  pA  (CL  cosy  +  Cq  siny ) 

Equating  Equations  (11)  and  (12)  yields: 


A  Tsin0V  L 

/'Tcos9\ 

l1  nun!  rr 

iiri 

l/d(i-™"I)+ 

/,^cos0^ 
\  w  / 

By  defining  the  mathematical  quantity, 


(12) 


(13) 


rjs, 


W/(L/D) 
we  may  simplify  Equation  (13)  as* 

i\  -  ’Jsin^i 

y  =  tan 


ncos6 


and  Equation  (12)  may  be  written  as, 
W  -  sin0 


V  = 


(C^ cosy  +  C^siny) 


where 


(14) 


(15) 


(16) 


u  =  V  cosy  (17) 

w  b  V  sinys-  (18) 

Thus,  the  flight  path  angle,  y  ,  of  the  Irish  Flyer  may  be  obtained 
from  Equation  (IS)  by  inputting  the  numerical  value  of  the  thrust  angle  (0), 
the  lift-to-drag  ratio  (L/D)  for  a  fixed  flight  trim  angle  of  attack  (a),  and  the 
thrust  factor  q  .  The  total  velocity  of  the  Irish  Flyer  may  then  be  obtained 
from  Equation  (16)  by  inputting  y  as  obtained  from  Equation  (IS)  and  Cl(<*) 
and  Cp(a).  The  horsepower  required  may  now  be  obtained  by  utilizing 
Equation  (7). 

Thus,  we  are  able  to  obtain  the  flight  performance  of  the  powered 
Parafoil  from  solutions  of  the  large  angle  equations  of  motion. 

*It  may  be  noted  in  Equation  (15)  that  when  0=0  and  *)  =  1  level 
flight  is  achieved. 
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SECTION  III 


FLIGHT  PERFORMANCE  CALCULATIONS 


The  first  performance  calculations  were  carried  out  on  a  400  pound 
powered  Parafoil  vehicle  in  level  flight  utilizing  a  200  sq.ft.  Parafoil  and  a 
400  sq.ft.  Parafoil. 

The  basic  aerodynamic  coefficient  data,CL,(a),  Cq(o0,  used  is  given  in 
Ref.l4,and  is  presetted  in  Figure  7.This  data  includes  the  drag  of  the  isolated 
Parafoil,  the  drag  of  the  suspension  lines(CDL  =  0.016  , based  on  a  total  line 
area  of  5.5  ft2  and  a  drag  coefficient  of  .  6),  and  the  drag  of  a  small  payload 
(Cq  =  0.010,  based  on  an  area  of  2.5  ft2  and  a  drag  coefficient  of  .8),  all 
associated  with  the  200  sq.ft.  Parafoil.  For  the  powered  Parafoil  vehicle 
computations  using  the  200  sq.ft.  Parafoil,  the  data  in  Figure  7  was  modified 
by  adding  an  additional  vehicle  drag  of  A  Cq  =  +  0.076  (based  on  an  additional 
vehicle  area  of  19  sq.ft,  and  a  drag  coefficient  of  .8).  Therefore, the  aero¬ 
dynamic  data  employed  includes  the  effects  of  the  Parafoil,  the  lines,  and  a 
vehicle  having  an  area  of  21.5  ft2. 

In  the  case  of  the  400  sq.ft.  Parafoil  the  data  of  Figure  7  was  again 
used  and  the  added  vehicle  drag  was  reduced  by  1/2  thus  yielding  a  ACp=  .038. 

In  carrying  out  various  computer  studies  both  values  of  incremental 
drag  were  actually  utilized  for  both  sizes  of  Parafoils  and  for  various  total 
system  weights,  so  as  to  provide  a  more  general  parametric  study. 


Level  Flight 


Sea  Level  Flight 

The  level  flight  performance  calculations  are  carried  out  using  the 
small  angle  flight  theory  equations.  Also,  included  is  an  estimate  of  the 
potential  rate  of  climb,  Eq,<8),  based  on  the  horsepower  available  in  excess 
of  that  required  for  level  flight. 

For  a  Parafoil  area  of  400  square  feet,  curves  for  V(a),  HPg(a), 

R/C  (a),  HPr  (V),  and  R/C  (V)  using  24  horsepower  are  given  in  Figures  8 
and  9.  The  same  performance  factors  are  given  in  Figures  9  and  10,  for  a 
Parafoil  area  of  200  square  feet  using  a  ACp  *  +  .076.  Thus,  the  calcula¬ 
tions  for  three  wing  loadings,  1.0, 1.25,  and  2.0, for  two  incremental  drags, 
ACq=  .  038  and  .076  are  given  in  Tables  I-V, 
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Altitude  Flight 


Performance  calculations  for  level  flight  were  also  carried  out  for  ** 
altitudes  of  5000  and  10,000  feet,*  (Tables  VI  and  VII).  The  service  ceiling 
of  the  Parafoil  is  approximately  17,000  feet  using  BHP0  =  24. 

The  reduction  of  engine  performance  with  altitude  was  taken  into 
account.  The  equation  used  to  determine  the  brake  horsepower  available  at 
altitude  is:  28 


Figure  11  is  a  plot  of  maximum  rate  of  climb  versus  altitudefor  the 
powered  Parafoil  flight  vehicle  with  a  wing  loading  of  one,  (W/A  =  ), 


Irish  Flyer 


*** 


A  prototype  powered  flight  vehicle  was  constructed  as  a  test  platform 
for  investigating  the  various  design  variables  such  as  engine  size  and  weight, 
thrust  angle,  vehicle  weight,  L/D,  etc.  The  total  weight  of  this  vehicle  in¬ 
cluding  the  pilot  is  540  pounds.  Accordingly,  flight  performance  calculations 
were  carried  out  for  this  experimental  flight  vehicle  weight  using  both  a  400 
square  foot  Parafoil  (W/A  «  1, 35)  and  a  200  square  foot  Parafoil  (W/A =2. 7). 
A  350  pound  vehicle  was  also  considered.  Calculated  level  flight  results  for 
V(a)  and  HPr  (a)  are  given  in  Figure  12.  HPr  (V)  is  given  in  Figure  13. 
Figures  14  and  present  HPr(V)  for  various  Irish  Flyer  weights  and  wing 

loadings,  ( -gjgj  =*.875,  =  1.75,  1,  and  »  2). 


Thrust  Angle 

Since  the  pitch  angle  of  the  cart  and  the  trim  angle  of  the  Parafoil  are 
independent  and  since  the  engine  and  propeller  line  of  thrust  may  be  fixed  at 
different  angles  to  the  horizon,  special  flight  performance  calculations  were 
carried  out  for  thrust  angles  of  -2CP,-10°,  cP,  1(P,  20° ,  30P,  and  40°  for  a 
wing  loading  of  1.0  (W/A«  IS? ),  and  an  additional  drag  of  ACn  =  .038, 
Tables  VUI  -  X1M.  400 


♦These  calculations  assume  a  wing  loading  of  one  on  the  400  square 
foot  Parafoil  with  a  ACq  of  0.038. 

"Service  Celling  -  ceiling  at  which  the  rate  of  climb  is  10 0  ( tpm )  for 
a  specified  HPa  • 

•••All  rights  to  powered  Parafoil  applications  and  to  Irish  Flyer  concept 
are  held  by  John  D.  Nioolffide*. 
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Climbing  and  Descending  Flight 


The  performance  calculations,  Equations  (5),  (6),  (7),  and  (8)  of  the 
previous  section  were  all  for  small  angle  and  level  flight.  These  calculations 
showed,  however,  that  large  rates  of  climb  were  possible;  so  large,  in  fact, 
that  the  small  angle  assumptions  were  no  longer  valid.  Accordingly,  exact 
computations ,  using  the  large  angle  equations  are  now  carried  out  in  this 
section  for  climbing  and  descending  flight;  which  also  include  the  case  of  level 
flight,  y  =  0. 

The  flight  performance  of  the  400  pound  flight  vehicle  using  the  400 
square  foot  (W/A=  1)  Parafoil  is  calculated  for  a  fixed  angle  of  trim  (ay  =  11°), 
and  the  additional  drag  of  ACq=  •  076  (L/D=2.95).  The  calculations  include 
thrust  angles  of  0P,8°,  16°  and  24°.  The  flight  parameters  HP  (R/C),  HP(y ), 
and  HP(V)  are  given  in  Figure  15,*  Table  XIV  provides  flight  parameters  for 
various  values  of  n  at  8  »  0. 

Flight  performance  calculations  were  also  carried  out  for  a  540  pound 
prototype  flight  vehicle  again  using  the  400  and  200  Parafoils.  The  results 
for  HP  (R/C),  HP(y)  and  HP(V)  are  given  in  Figures  16*  and  17*.  Also  see 
Tables  XV  and  XVI. 


Constant  Horsepower  Performance 

The  performance  calculations  of  the  previous  section  utilized  Eq.  (7), 
(IS)  and  (16)  which  yield  the  horsepower  required  for  various  flight  modes.  It 
is  possible  to  input  the  horsepower  available  as  a  constant  and  then  to  solve 
for  the  various  flight  performance  parameters  by  iteration  of  the  flight  equa¬ 
tions.  Representative  results  for  V  (a),  V(a),  and  R/C  (a)  are  plotted  In 
Figure  18  for  a  Parafoil  area  of  400  square  feet,  for  a  flight  vehicle  weight  of 
540  pounds  (A  Cp*  •  076)  and  for  horsepowers  of  20, 30,  and  40.  Summary 
data  is  given  in  Figure  18d  and  Table  XVH. 

Performance  calculations  are  also  carried  out  for  the  540  pound  flight 
vehicle  using  a  200  square  foot  Parafoil,  Figure  19.  A  summary  curve  is 
given  in  Figure  19d. 

The  effects  of  thrust  angle  on  the  400  ft2  Parafoil  with  a  540  pound 
payload  are  shown  in  Figure  20  for  a  constant  horsepower  of  20. 


•  Figures  15,  l6  and  17  are  approximations  and  should  not  be  used  for 
detail  design  analysis. 
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SECTION  IV 


DISCUSSION  OF  PERFORMANCE  PREDICTIONS 


Level  Flight 

The  effects  of  flight  vehicle  weight,  Parafoil  wing  area,  trim  angle  of 
attack,  thrust  line  of  action,  and  additional  vehicle  drag  are  readily  seen 
in  the  figures  and  tables.  For  example,  for  the  540  pound  vehicle  using  the 
400  square  foot  (W/A  =  1.35)  Parafoil,  a  trim  angle  of  attack  near  10°  pro¬ 
vides  minimum  horsepower  required.  See  Figures  12,  13,  16  and  18.  The 
horsepower  required  for  level  flight  is  approximately  12  HP  and  the  flight 
velocity  is  37  feet  per  second  or  25  miles  per  hour.  The  flight  velocity  may 
be  increased  by  reducing  the  trim  angle  of  attack.  At  a  trim  angle  of  OP  the 
level  flight  velocity  is  approximately  54  feet  a  second  or  37  miles  per  hour 
and  the  horsepower  required  is  30.  It  is  noted,  Figure  16a,  that  elevation  of 
the  thrust  line  of  action  reduces  the  horsepower  required  to  10  HP  for  level 
flight  at  a  »  11°. 


Ascending  Flight 

Again  using  the  540  pound  vehicle  with  the  400  square  foot  wing  area  as 
an  example,  we  note  from  Figure  18a  that  for  a  trim  angle  of  attack  near 
10P  the  rate  of  climb  is  450  feet  per  minute  and  the  climb  angle  (y )  is  1  l°using 
20  horsepower.  Using  30  horsepower  we  obtain  from  Figure  18b  a  rate  of 
climb  of  1050  feet  per  minute  and  an  angle  of  climb  of  21  ,  A  substantial  re¬ 
duction  in  required  horsepower  may  be  obtained  by  elevating  the  line  of  thrust, 
particularly  at  the  higher  rates  of  climb.  Figure  16  and  20. 

These  values  for  powered  Parafoil  flight  performance  are  achieved  be¬ 
cause  of  the  small  weight  of  the  Irish  Flyer.  This  small  weight  is  achieved 
due  to  (1)  the  very  light  wing  (the  400  ftz  Parafoil  weight  is  only  15  pounds) 
and  (2)  the  light  fuselage  which  does  not  have  to  resist  any  aerodynamic  bend¬ 
ing  moments  as  does  an  aircraft  which  has  rigid  wing  and  rigid  elevators. 
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SECTION  V 


FLIGHT  PERFORMANCE  TESTS* 


The  flight  performance  tests  of  the  powered  Parafoil  vehicle  were  com- 
posed  of  two  phases. 

Phase  I  is  composed  of  gliding  flight  tests  which  are  achieved  by  towing 
the  vehicle  to  an  altitude  from  500  feet  to  1000  feet  and  then  releasing  it  so 
that  it  can  glide  freely  back  to  earth.  Measurements  are  taken  of  the  steady 
state  gliding  flight.  Both  unmanned  and  manned  flights  were  carried  out. 

Fhase  II  is  composed  of  powered  flight  tests  and  is  carried  out  in  a 
manner  similar  to  Phase  I  except  that  the  engine  is  running. 

Flight  Test  Vehicle 

The  flight  test  vehicle  used  in  the  test  program  was  named  the  Irish 
Flyer  II**  and  is  shown  in  Figure  21.  It  was  designed  so  as  to  provide  a  safe 
and  versatile  flight  platform  for  investigating  the  various  vehicle  design  para¬ 
meters  such  as  engine  types,  engine  location,  engine  angle.  Parafoil  size, 
Parafoil  attachment,  Parafoil  controls,  center  of  gravity  location,  wheel  base, 
etc.  The  weight  of  the  Irish  Flyer  with  pilot  Is  540  pounds.  The  Parafoil  ND 
2.0  (400)  was  used  which  has  an  aspect  ratio  of  2.0  and  an  area  of  400  square 
feet.  The  horsepower  of  the  rebuilt  Volkswagen  engine  is  supposed  to  be  28 
HP;  however,  the  actual  horsepower  available  by  static  test  is  estimated  to 
be  only  12  HP  due  to  low  engine  RPM,  constant  spark  advance,  and  low  pro¬ 
peller  efficiency. 

Irish  Flyer  11  Physical  Characteristics 


Parafoil  (ND  2.0  (400) ) 

400* 

Vehicle  overall  length 

10W 

Vehicle  height  (without  canopy) 

4*  7-1/2** 

Vehicle  heigti*  (with  canopy) 

33*3** 

Vehicle  width  (without  canopy) 

6T* 

Vehicle  width  (with  canopy) 

28*4” 

Propeller  Diameter 

4 '6'* 

Wheel  Base 

5'9-\/V' 

Width  of  P&rafoil  attachment  points 

5*10** 

Weight  engine 

131  pounds 

Empty  weight 

323  pounds 

Gross  weight 

540  pounds 

Usual  horsepower  (estimated) 

12  4  3 

John""D773Fcalaidcs  acting  completely  on  hts  own  authority  and 

responsibility  undertook  the  design  and  construction  of  the  flight  vehicle  and 
carried  out  the  associated  flight  test  program. 

••The  PAA/SAC  of  20  July  1971  assigns  N-3Q29  to  "Nicobides -Parafoil 
Flyer. " 
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Control  System 

The  Parafoil  is  attached  to  the  vehicle  on  the  outside  ends  of  the  hori¬ 
zontal  bar  on  the  top  of  the  vehicle.  Originally,  the  control  system  of  the 
cart  was  attached  to  the  rear  control  lines  of  the  Parafoil  giving  a  limited 
capability  to  turn  and  the  capability  for  a  full  flare.  The  wires  of  the  control 
system  are  strung  so  as  to  give  a  two  to  one  deflection  for  turning  with  a 
full  deflection  of  approximately  eighteen  inches  and  a  three  to  one  deflection 
for  flaring  with  a  full  flare  potential  of  five  and  one  half  feet  deflection.  The 
flare  is  actuated  by  pushing  a  foot  lever  forward  with  both  feet  to  the  extension 
desired.  It  is  estimated  that  the  force  required  to  throw  this  lever  is  approxi¬ 
mately  fifty  pounds 

The  original  control  system  designed  for  the  vehicle  allowed  for  turn¬ 
ing  control  by  pulling  down  either  side  of  the  rear  control  lines  with  a  two  to 
one  deflection  by  the  turning  of  handle-bar  type  device  by  the  pilot.  The 
maximum  deflection  afforded  Ly  this  system  was  eighteen  inches  and  the 
initial  flight  tests  showed  that  this  deflection  on  the  four  hundred  square  foot 
canopy  was  not  sufficient  to  allow  proper  turn  control.  The  time  required  to 
make  a  90°  turn  was  approximately  20  seconds.  To  overcome  this, a  separate 
control  system  was  incorporated  which  made  use  of  the  magic  flare  control* 
of  the  Parafoil  canopy.  It  had  previously  been  determined  that  the  use  of  the 
magic  flare  allowed  turn  control  with  much  smaller  deflection.  A  magic  flare 
type  of  control  was  added  to  the  previous  type  of  control.  This  magic  flare 
control  was  designed  so  as  to  give  a  two  to  one  ratio  of  deflection  through  the 
use  of  a  sliding  control  lever.  With  this  new  turn  control  system,  a  ten  inch 
deflection  by  the  pilot  produces  a  20"  deflection  at  the  canopy  which  provides 
for  a  more  than  adequate  control  response.  With  the  use  of  the  magic  flare 
control  system ,  the  time  required  to  make  a  90°  turn  was  reduced  from  20 
to  5  seconds. 

Flight  Test  Results 


Gliding  Flight 

Various  instruments  were  utilized  in  the  gliding  flight  tests.  Some  in¬ 
struments  were  mounted  on  the  flight  vehicle  which  provided  the  rate  of 
climb,  rate  of  sink  and  total  velocity.  The  instrument  readings  were  taken 
by  the  pilot  during  the  flight  and  recorder'  immediately  afterwards.  Also,  a 
movie  camera  was  strapped  to  the  rear  of  the  flight  vehicle  which  photo¬ 
graphed  the  instrument  readings, the  control  deflections  of  the  pilot,  the 
response  of  the  vehicle ,  and  provided  a  dramatic  view  of  the  in-flight  stability 
and  safety  of  the  vehicle.  The  primary  data  used  was  obtained  from  a  movie 
camera  located  on  the  ground  down  range  of  the  launch  and  so  situated  that 
the  flight  path  was  approximately  perpendicular  to  the  line  of  sight  of  the 
camera  during  analysis.  A  vertical  reference  marker  was  placed  in  the 

™  *The  magic  flare  control  system  consists  of  a  line  from  the  pilot  to  the 
third  flare  back  in  the  second  row  of  flares  inboard  from  each  side. 
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field  of  view.  Smoke  grenades  were  attached  to  the  flight  vehicle  and  ignited 
by  the  pilot  during  the  ascending  portion  of  the  flight.  By  measuring  the  angle 
of  die  smoke  trail,  the  lift  to  drag  ratio  of  the  gliding  system  was  determined. 

The  film  from  the  ground  camera  was  measured  and  yielded  the  flight 
path.  The  .measurement  of  the  smoke  angle  gives  the  system’s  L/D.  The 
measurement  of  the  flight  path  gives  the  effective  L/D.  From  these  two  a 
c  heck  on  the  wind  velocity  can  be  made  and  compared  to  the  wind  velocity 
readings  made  prior  to  the  flight.  Using  the  smoke  trail  as  the  direction  of 
the  velocity  vector  of  the  flight  vehicle  and  the  orientation  of  the  Parafoil, 
the  trim  angle  of  attack  of  the  Parafoil  is  measured. 

By  measuring  the  distance  between  two  reference  points  a  known 
distance  apart  on  a  frame,  a  length  dimension  factor  was  obtained.  The  true 
distance  that  the  flight  vehicle  descends  between  two  frames  can  then  be 
determined  using  this  length  dimension  factor  and  a  common  reference  point. 
Knowing  the  frame  rate  of  the  camera  and  counting  the  number  of  frames 
between  the  two  frames  on  which  the  descent  is  measured,  the  time  of  descent 
can  then  be  obtained  and  the  rate  of  sink  calculated.  Multiplying  the  rate  of 
sink  by  the  lift  to  drag  ratio  from  the  smoke  gives  the  no  wind  horizontal 
velocity.  Then,' knowing  the  vertical  and  horizontal  velocities,  the  total 
velocity  can  be  calculated. 

Figure  22  is  a  picture  of  one  of  the  data  frames  on  the  ground  camera 
data  film.  Figure  23  shows  how  the  measurements  of  the  first  frame  of  data 
from  the  first  flight  were  taken  from  the  ground  camera  film.  It  is  known 
that  the  distance  between  the  near  attachment  point  and  the  front  side  flare 
tip  is  27  feet  and  by  measuring  this  distance  on  the  data  film,  the  length 
dimension  factor  is  obtained.  Superimposed  on  this  figure  is  the  data  from 
the  other  frames  in  the  first  flight.  The  line  formed  by  these  point  locations 
shows  the  actual  flight  path  of  the  flight  vehicle. 

A  list  of  the  data  taken  from  the  ground  film  on  the  first  flight  is  given 
below.  The  rates  of  sink  as  shown  were  calculated  over  a  time  step  of  six 
data  frames.  Each  data  frame  was  taken  on  every  fifth  film  frame,  so  the 
time  step  for  each  rate  of  sink  was  over  thirty  frames  of  film.  The  speed  of 
the  film  was  24  frames  per  second,  so  the  actual  time  of  each  time  step  in 
the  calculation  of  the  rate  of  sink  was  1.25  second. 


Data 

Smoke 

Smoke 

Angle  of 

h* 

1  ** 

Attachment 

Rate  of 

Frame 

Angle 

L/D 

Attack 

Point  Height 

Sink 

No. 

(deg) 

(deg) 

(In.) 

(in.) 

(ft.) 

(fps) 

1 

11.3 

5.005 

8.0 

2.41 

1.56 

41.71 

2 

13.2 

4.264 

9.6 

2.30 

1.63 

38.09 

3 

12.0 

4.705 

7.2 

2.18 

1.62 

36.33 

4 

10.3 

5.503 

5.0 

2.08 

1.67 

33.62 

12.14 

5 

11.3 

5.005 

5.5 

1.96 

1.62 

32.66 

10.02 

6 

10.9 

5.193 

4.8 

1.85 

1.65 

30.27 

8.77 

7 

13.1 

4.297 

8.3 

1-70 

1.73 

26.53 

8.09 

8 

12.0 

4.705 

7.8 

1.60 

1.69 

25.56 

9. 10 

9 

15.0 

3.732 

11.0 

1.55 

1.65 

25.36 

8.36 

10 

11.0 

5.145 

4.0 

1.48 

1.70 

23.50 

11 

10.7 

5.292 

3.3 

1.34 

1.70 

21.28 

12 

13.1 

4.297 

4.7 

1.27 

1.73 

19.82 

It  is  seen  from  Figure  23,  that  the  plot  of  the  flight  path  positions  is 
a  straight  line  with  the  actual  flight  path  angle  of  16.8  degrees.  This  yields 
a  effective  flight  path  L/D  without  wind  correction  of  3.312.  The  average 
system  L/D  calculated  from  the  smoke  angle  is  4.761  which  is  the  L/D  with 
wind  correction.  The  average  rate  of  sink  above  is  9.41  feet  per  second. 

The  vehicle  weight  was  409  pounds. 

Using  the  system  L/D  from  the  smoke,  yields  a  horizontal  component 
velocity  of  44. 80  feet  per  second.  Calculating  the  total  velocity  corrected  for 
the  wind,  gives  a  value  of  45.78  feet  per  second.  Using  the  effective  L/D  of 
the  actual  flight  path  angle  to  calculate  horizontal  and  total  velocities  yields 
values  of  31. 16  and  32.55  feet  per  second  respectively.  The  difference  in 
the  horizontal  components  of  velocity  between  44.80  and  31. 16  of  13.64  feet 
per  second  is  the  calculated  wind  velocity.  In  other  words,  according  to  the 
calculations,  the  flight  vehicle  was  descending  into  a  wind  of  13.64  feet  per 
second. 

There  were  five  flight  test  data  runs  performed  on  the  flight  vehicle 
with  varying  amounts  of  simulated  engine  weight  ranging  from  forty  to  one 
hundred  and  twenty  pounds.  A  number  of  flight  tests  had  been  performed 
previously  without  the  simulated  engine  weight  in  order  to  evaluate  the  control 
response  of  the  flight  vehicle  and  its  structural  strength.  In  the  preliminary 
flight  tests  it  had  been  determined  that  the  nose  wheel  as  shown  in  Figures  1 
and  21  was  too  small  and  this  was  replaced  by  a  wheel  of  larger  diameter 
and  tread  width  to  support  the  weight.  Structurally,  the  flight  vehicle  checked 

*h  -  height  of  attachment  point  above  a  reference  point  as  measured 
on  film . 

**1  -  distance  from  front  outside  flare  tip  to  attachment  point  as 
measured  on  film. 
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out  to  be  quite  adequate  and  after  the  addition  of  the  magic  flare 
control  system,  the  data  tests  with  the  additional  simulated  engine  weight 
were  performed. 

Of  the  five  data  flights  only  the  first  and  fifth  flights  provide  reducible 
data  for  analysis.  These  data  are: 


Gliding  Flight 

1 

5 

Total  Weight  (lbs) 

409 

492 

Measured  Wind  (mph) 

5-10 

5-10 

Smoke  Angle  (deg) 

11.9° 

12.5° 

System  L/D  (Smoke) 

4.76 

4.51 

Flight  Path  Angle  (deg) 

16.8° 

15. OP 

Effective  L/D  (Path) 

3.31 

3.73 

Calculated  Wind  (fps) 

13.6 

6.75 

Flight  Velocity  (fps) 

32.5 

33.5 

Flight  Velocity  (No  Wind)  fps 

45.8 

40.0 

Rate  of  Sink  (fps) 

9.4 

8.7 

Horsepower  Required  Eq.  (7a) 

7.0 

7.7 

Angle  of  Attack 

6.6° 

11.8° 

The  most  important  parameter  determined  by  the  data  flights  was  the 
rate  of  sink.  Using  the  rate  of  sink  of  the  first  flight  and  Equation  (7a),  the 
horsepower  required  estimate  is  7.0  which  is  in  agreement  with  the  pre¬ 
dicted  value  in  Figure  9a. 

The  flight  parameters  of  the  first  data  flight  which  do  not  compare  well 
with  the  theoretical  calculations  are  the  system  L/D  and  the  flight  velocity 
with  wind  correction.  The  free  flight  tests  showed  an  L/D  value  of  4.76  from 
the  smoke.  This  is  compared  to  the  maximum  theoretical  value  of  L/D  of 
3.66  using  ACq  =  .038. 

Using  Equation  (7a)  to  estimate  the  horsepower  required  from  the  rate 
of  sink  determined  by  the  ground  film  data  on  the  fifth  flight,  a  value  of  7.75 
horsepower  is  obtained.  Checking  the  theoretical  calculations  made  for  a 
total  weight  of  500  pounds,  as  compared  to  the  actual  weight  of  492  pounds,  it 
is  found  that  the  minimum  value  of  horsepower  required  determined  by  the 
theoretical  calculations  is  8. 622,  or  approximately  one  more  than  that 
estimated  from  the  flight  data.  This  small  discrepancy  can  easily  be  explained 
by  a  slightly  low  value  of  rate  of  sink  determined  from  the  flight  data  coupled 
with  the  fact  that  the  actual  flight  weight  was  eight  pounds  lighter  than  for  the 
theoretical  calculations. 

The  system  L/D's  measured  from  the  flight  data  were  higher  than  used 
in  the  theoretical  calculations.  This  improvement  in  system  L/D  could  be  due 
to  any  combination  of  three  factors.  The  first  and  most  obvious  factor  is  a 
possible  error  in  data  reduction.  A  slight  error  in  measurement  of  the 
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smoke  angle  of  approximately  one  degree  could  account  for  the  difference. 
Another  possibility  is  the  existence  of  thermals  and  gusts  over  the  field. 
Finally,  there  is  the  possibility  that  the  wind  tunnel  data  used  to  make  the 
theoretical  calculations  could  have  been  conservative. 


Powered  Flight 

On  24  August  1971  five  powered  Parafoil  flights  were  carried  out  at 
the  Goshen  Airport,  Indiana,  Figure  24. 


First  Flight 

The  powered  flights  were  carried  out  in  the  same  manner  as  the  gliding 
flights  except  that  the  engine  is  idling.  On  the  first  flight  the  Irish  Flyer  was 
towed  to  an  altitude  of  approximately  600  feet.  A  steady  state  tow  continued 
for  approximately  1/3  mile.  No  problems  were  countered.  The  pilot  then 
applied  full  throttle  and  slack  appeared  in  the  tow  line.  The  Irish  Flyer  was 
observed  to  be  flying  with  no  yaw  or  pitch;  thus,  an  "O.K.  to  release  tow" 
radio  message  was  sent  to  the  pilot  who  then  released  the  tow  line  and  flew 
to  the  end  of  the  runway,  (l/4mile)where  he  landed  softly  with  a  ground  roll 
of  approximately  10  feet.  During  his  flight  he  was  estimated  to  descend 
slowly  (2-6  ft/sec);  part  of  the  flight  he  was  able  to  fly  level.  He  was  able  to 
turn  the  Irish  Flyer  approximately  45°  to  the  left  in  correcting  a  slight  cross 
wind.  After  landing  he  immediately  cut  the  engine  and  flared  the  Parafoil  so 
that  it  fell  to  the  ground  behind  the  vehicle. 


Second  Flight 

The  second  flight  was  similar  to  the  first  except  that  after  reaching  an 
altitude  of  600  feet  the  pilot  immediately  released  the  tow  line  and  flew 
approximately  3/8  mile  in  slowly  descending  flight  (2-6  ft/sec).  Some  icing 
of  the  carburetor  occurred  which  is  believed  to  have  reduced  the  useful  horse¬ 
power.  Landing  was  soft  (2  ft/sec)  with  little  landing  roll,  (5-10'). 


Third  Flight 

The  third  flight  was  similar  to  the  second  except  with  less  icing  due  to 
increased  temperature  and  thus  more  power  was  available.  Right  and  left 
turns  of  45°  were  executed  with  no  difficulties.  The  Irish  Flyer  again  flew 
with  complete  stability  about  dll  axes.  Near  level  flight  was  again  achieved. 
The  distance  of  the  flight  was  about  1/2  mile. 

The  landing  was  carried  out  with  full  throttle.  The  Irish  Flyer  touched 
down  and  then  took  off  again  flying  approximately  25  feet  before  executing 
a  normal  landing  with  reduced  power,  with  engine  throttled  back  on  touch 
down,  and  with  Parafoil  flare. 
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Fourth  Flight 


Prior  to  the  fourth  flight  the  engine  was  ground  tested  and  the  magneto 
was  adjusted  so  as  to  provide  better  RPM.  The  wind  had  changed  from  North 
to  West  and  thus  a  new  runway  was  used.  After  release  the  pilot  reported  a 
climb  from  600  feet  to  1000  feet.  From  the  ground  the  Irish  Flyer  was  ob¬ 
served  to  climb  and  fly  level  for  a  distance  of  3/4  mile.  Again  small  turns 
were  easily  accomplished.  At  the  end  of  flight  the  Irish  Flyer  flew  level  at 
about  a  50  foot  altitude  for  10  to  15  seconds  and  about  500  feet.  It  was 
possible  for  the  tow  car  to  drive  directly  underneath  and  observe  rigging, 
turn,  control,  etc.  The  landing  was  normal. 


Fifth  Flight 

The  last  flight  was  similar  to  the  fourth.  The  Irish  Flyer  exhibited 
complete  stability  and  the  pilot  reported  no  need  at  all  for  rudder  control, 
even  in  turns.  Landing  was  normal.  Distance  from  release  to  touchdown 
was  approximately  1/2  mile. 

* 

Discussion  of  Results 

The  flight  performance  of  the  powered  Parafoil  vehicle  was  nominal 
and  as  predicted.  The  horsepower  available  allowed  straight  flights  of  1/2 
to  1  miles  distance.  Flight  stability  and  control  was  demonstrated  as 
observed  in  the  documentary  moving  picture  films  and  as  seen  by  the  various 
observers.  Landings  were  extremely  soft  (1-2  fps)  and  short. 


♦See  Appendix  ft  for  results  on  Irish  Flyer  III. 
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SECTION  VI 


FUTURE  APPLICATIONS 


The  flight  tests  have  validated  the  performance  predictions  and  have 
demonstrated  the  feasibility  of  stable  and  controlled  powered  Parafoil  flight. 
These  flight  demonstrations  now  open  an  entirely  new  field  of  potential 
applications.  Some  of  these  are: 

o  Pilot  Recovery  and  Return  to  Base 

o  Stand-Off  Delivery  of  Troops  (both  individual  and  mass) 

o  Stand-Off  Delivery  of  Cargo  and  Supplies  (manned  and  guided) 

o  Stand-Off  Delivery  of  Bombs  (guided  or  homed,  Remotely 
Piloted  Vehicle) 

o  Rescue  of  Troops  and  Equipment 
o  Flying  Jeep 

o  Air  Drop  Systems  (aircraft  or  helicopters) 

o  Terminal  Powered  Guidance  of  Shells,  Rockets,  and 
Re-Entry  Bodies. 
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SECTION  VII 


CONCLUSIONS 


The  flight  performance  of  a  powered  Parafoil  vehicle  is  predictable 
from  the  aerodynamic  data  obtained  on  the  Parafoil  canopy  and  lines. 
Actual  flight  of  a  powered  Parafoil  vehicle  is  obtainable  as  evidenced  by 
preliminary  powered  flight  tests.  In  these  tests  both  level  and  climbing 
flight  were  demonstrated,  and  the  flight  performance  appeared  to  match 
the  predicted  performance  although  more  data  is  needed  to  confirm  the 
relationship. 

The  analysis  suggests  that  a  change  in  pitch  attitude  of  the  powered 
Parafoil  vehicle  can  increase  its  rate  of  climb  and  lower  its  level  flight 
horsepower  requirements. 

Preliminary  tests  indicate  that  a  more  comprehensive  program  of 
testing  is  feasible. 
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FliShcs 


LEVEL  FLIGHT 


Figure  6a 


CLIMBING  AND  DESCENDING  FLIGHT 
Figure  6b 
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BASIC  AERODYNAMICS  OF  PARAFOIL 


V  (fps) 

HORSEPOWER  REQUIRED  FOR  LEVEL  FLIGHT 


a  (deg) 

LEVEL  FLIGHT  PERFORMANCE 


12,000 


200  400  600  800  1000  1200 

Rase  of  Climb  (fpm) 

MAXIMUM  RATE  OF  CLIMB  AVAILABLE  VERSUS  ALTITUDE 


FLYER  HORSEPOWER  REQUIRED  FOR  LEVEL  FLIGHT 
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Figure  21.  Irish  Flyer 
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APPENDIX  A 


TABLES  OF  PERFORMANCE 


TABLE  I 


FLIGHT  PARAMETERS  FOR  W/A=  1.0  ON 

400  SQ.  FT.  PARAFOIL  Wm  i6CD=  .038 
0=0°  HPa  =  24 


a 

V 

R/C 

(deg) 

Cl 

CD 

(fps) 

hpr 

HPX 

(fpm) 

-6.0 

.0  77 

.168 

104.511 

165.836 

-5.0 

.121 

.160 

83.371 

80.177 

-4.0 

.172 

.167 

69.92? 

49.378 

-3.0 

.226 

.171 

61.004 

33.569 

-2,0 

.276 

.170 

55.202 

24.728 

-0.728 

-60,073 

—  1.0 

.323 

.171 

51 .028 

19.64? 

4.353 

359.113 

0.0 

.377 

.174 

47.232 

15.854 

8.146 

672.031 

1.0 

.423 

.175 

44.590 

13. 416 

10.584 

873.15?- 

2.0 

.477 

.180 

41.990 

11.524 

12.476 

13.882 

1029.274 

3.0 

.526 

.183 

39.98? 

10.118 

1145.295 

4.0 

.576 

.186 

38.212 

8.974 

15.026 

1239.646 

5.0 

.622 

.190 

36.772 

8.169 

15.831 

1306.049 

6.0 

.  676 

.193 

35.272 

7.324 

16.676 

1375.777 

7.0 

.725 

.193 

34.060 

6.765 

17.235 

1421.891 

8.0 

.772 

.206 

33.00? 

6.405 

17.595 

1451.553 

9.o 

.822 

.218 

31.937 

6.170 

17.830 

1471.010 

10.0 

.828 

.225 

31.871 

6.299 

17.701 

1460.366 

11.0 

.826 

.242 

31.909 

6.799 

17.201 

1419.074 

12.0 

.805 

.260 

32.323 

7.593 

16. 407 

1353.617 

13.0 

.780 

.282 

32.837 

8*634 

9.554 

10.458 

15.366 

1267.693 

1191.758 

14.0 

.753 

.296 

33.420 

1 4. 446 

15.0 

.728 

.308 

33.899 

13.542 

1117.192 

16.0 

1?.0 

.7U 

.693 

.322 

.332 

34.393 

34.393 

11.328 

12.138 

12.672 

11.862 

1045.430 

978.621 

18.0 

.688 

.350 

34.963 

12.936 

1 1 .064 

912.800 

19.0 

.682 

.367 

35.117 

13.743 

10.257 

846.165 

20.0 

.685 

.382 

35.040 

14.211 

9.789 

807.568 

21.0 

.695 

.404 

34.787 

14.707 

9.293 

766.710 

22.0 

.710 

.430 

34.418 

15.160 

8.840 

8.361 

729.334 

23.0 

.720 

.453 

34.178 

15.639 

689.792 

24.0 

.722 

.477 

34.130 

16.399 

7.601 

627.078 

25.0 

.715 

.496 

34.297 

17.303 

6.697 

552.478 

476.637 

26.0 

.700 

.506 

34.663 

18.223 

5.777 

27.0 

.673 

.522 

35.220 

19.721 

4.279 

353.005 

28.0 

.645 

.523 

36.110 

21.295 

2.705 

223.200 

29,0 

.625 

-533 

36.683 

22.752 

1.248 

102.986 

30.0 

.605 

.545 

37.285 

24.427 

-0.427 

-35.226 
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TABLE  II 


FLIGHT  PARAMETERS  FOR  W/A=  1.25  OH 

400  SQ.  FT.  PARAFOIL  WITH  ACD  -  .038 

0=0°  HPa  =  24 

V 


(deg) 

Cl 

CD 

(fps) 

IIPR 

HPX 

(fpm) 

-6*0 

.07? 

.168 

116.84? 

231 . ?6 

-5«o 

.121 

.160 

93.212 

112,00 

-4.0 

.172 

.16? 

78.181 

69.0! 

-3.0 

.226 

.171 

68.204 

46.  V1 

-2.0 

.276 

.170 

61.718 

34 . 55 

-1 .0 

.323 

•171 

57.051 

27.45 

-3.458 

-228.206 

0.0 

.377 

.174 

52.80? 

22.16 

1.843 

121.646 

1.0 

•423 

49.853 

18.75 

5.250 

346.507 

2.0 

.477 

.180 

46.947 

16.11 

7.895 

521 .056 

3.o 

•  526 

.183 

44.707 

14.14 

■  9.860 

650.772 

4.0 

.576 

•186 

42.722 

1 2»  5A 

11.458 

756.259 

5.0 

•622 

.190 

41.112 

11.49 

12.583 

830.500 

6.0 

.676 

.193 

39-436 

10.24 

13.765 

908.458 

7.0 

.725 

.198 

38.080 

9.45 

14.546 

960.016 

8.0 

.772 

•206 

36.902 

8.95 

15.048 

993. 1 73 

9.0 

.822 

.218 

35.763 

8.62 

15.378 

1014.932 

10.0 

.828 

.225 

35.633 

8, 80 

15.197 

1003.032 

11.0 

.826 

.242 

35.676 

9,3"> 

14.498 

956.866 

12.0 

.805 

•260 

36.138 

10.61 

13.389 

883.683 

13.0 

.780 

.282 

36.713 

12.07 

11.934 

787.616 

14.0 

.753 

.296 

37.365 

13.35 

10.64? 

702.719 

15.0 

.728 

.308 

,38.001 

14.62 

9.384 

61 9. 352 

16.0 

.711 

.322 

38.453 

15.83 

8.158 

539.119 

17.0 

.693 

.332 

38.949 

16.96 

7.03  7 

464.424 

18.0 

.688 

.350 

39.090 

18.08 

5.922 

390.834 

19.0 

.682 

.367 

39.262 

19.21 

4.793 

31 6.334 

20.0 

.685 

.382 

39.176 

19.86 

4.139 

273.181 

21.0 

22.0 

.695 

.710 

.404 

.430 

38.893 

38.480 

20.55 

21.19 

3.447 
2.81 4 

227.501 

185.713 

23.0 

.720 

.453 

38.212 

21.85 

2*144 

141.504 

24.0 

.722 

.477 

38.159 

22.92 

1.082 

71.387 

25.0 

.715 

•496 

38.345 

24.18 

“0.182 

-12.019 

26.0 

.700 

.506 

38.754 

25.47 

27.0 

.678 

.522 

39-378 

27.55 

28.0 

.645 

.523 

40.372 

29.76 

29.0 

.625 

.533 

4U013 

31.796 

30.0 

.605 

•  545 

41 .686 

34.14 
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TABLE  m 


FLIGHT  PARAMETERS  FOR  W/An  1.0  ON 
400  SQ.FT.  PARAFOIL  WITH  ACq  =  .076 

6=0°  HPa  =  24 


a 

(deg) 

cL 

cD 

-6 

.077 

.206 

-5 

.121 

.198 

-4 

.172 

.205 

-3 

.226 

.209 

-2 

.276 

.209 

-1 

.323 

.209 

0 

.377 

.212 

1 

.423 

.213 

2 

.477 

.218 

3 

.526 

,221 

4 

.576 

.224 

5 

.622 

.228 

6 

.676 

.231 

7 

.725 

.236 

8 

.772 

.244 

9 

.822 

.256 

10 

.828 

.263 

11 

.826 

.280 

12 

.805 

.298 

13 

.780 

.320 

14 

.753 

.334 

15 

.728 

.346 

16 

.711 

.360 

17 

.693 

.370 

18 

.688 

.388 

19 

.682 

.405 

20 

.685 

.420 

21 

.695 

.442 

22 

.710 

.468 

23 

.720 

.491 

24 

.722 

.515 

25 

.715 

.534 

26 

.700 

.544 

27 

.678 

.560 

28 

.645 

.561 

29 

.625 

.571 

30 

.605 

.583 

V 

(fps) 

HPr 

104.511 

203.347 

83.371 

99.219 

69.927 

60.613 

61.004 

41.029 

55.202 

30.256 

5L028 

24.013 

47.232 

19.317 

44.590 

16.330 

41.900 

13.957 

39.927 

12.219 

38.212 

10.807 

36.772 

9.803 

35.272 

8.766 

34.060 

8.063 

33.007 

7.587 

31.987 

7.24S 

31.871 

7.362 

31.909 

7.867 

32.323 

8.702 

32.837 

9.797 

33.420 

10.781 

33.989 

11.749 

34.393 

12.665 

34.837 

13.527 

34.963 

14.340 

35.117 

15. 166 

35.040 

15.625 

34.787 

16.090 

34.418 

16.499 

34.178 

16.951 

34.130 

17.705 

34.297 

18.629 

34.663 

19.591 

35.220 

21.157 

36.110 

22.842 

36.683 

24.374 

37.285 

26.130 

HPY  R/C 

X  (fan) 


4.683 

386.347 

7.670 

632.775 

10.043 

828.547 

10.781 

889.432 

13.193 

1088.422 

14. 197 

1171.252 

15.224 

1255.980 

15.937 

1314.802 

16.413 

1354.072 

16.755 

1382.287 

16.638 

1372.635 

16. 133 

1330.972 

15.298 

1262.085 

14.203 

1171.747 

10.781 

1090.567 

12.251 

1010.707 

11.335 

935. 137 

10.473 

864.022 

9.660 

796.950 

8.834 

728.805 

8.375 

690.937 

7.910 

652.575 

7.501 

618.832 

7.049 

581.542 

6.295 

519.337 

5.371 

443. 107 

4.409 

363.742 

2.843 

234.547 

1.158 

95.535 

-0.374 

-  30.855 

-2.130 

-  175.725 
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TABLE  IV 


FLIGHT  PARAMETERS  FOR  W/A  =  1.25  ON 


400  SQ.FT 

PARAFOIL 

WITH  ACd 

=  .076 

6=0°  HPa 

=  24 

a 

V 

R/C 

(deg) 

CL 

CD 

(fps) 

HPr 

HPX 

(fpm) 

-6.0 

.077 

.206 

116.847 

284.186 

-5.0 

.121 

.198 

93.212 

138.662 

-4.0 

.172 

.20? 

78.181 

84.710 

-3.0 

.226 

.209 

68.204 

57.340 

-2.0 

.276 

.208 

61.781 

42.284 

-1.0 

•  323 

.209 

57.051 

33*559 

0.0 

.377 

.212 

52. 807 

26.996 

-2.996 

-197.719 

1.0 

.423 

.213 

49.853 

22.821 

1.179 

77.794 

2.0 

.477 

.218 

46.947 

19.505 

4.495 

296.657 

3.o 

.  526 

.221 

44.707 

17.076 

6.924 

456.987 

4.0 

.576 

.224 

42.722 

15.104 

8,896 

587.150 

5.0 

.622 

.228 

41.112 

15.700 

10.300 

679.800 

6,0 

.676 

.231 

39,436 

12.251 

11.749 

775.449 

7.0 

.725 

.236 

38.081 

11.269 

12.731 

840.261 

8.0 

.772 

.244 

36.902 

10.603 

13.597 

884.192 

9.0 

.822 

.256 

35.763 

10.125 

13.875 

915.737 

10,0 

.828 

.263 

35.633 

10.289 

13.711 

904.915 

11.0 

.826 

.280 

35.676 

10.994 

13.006 

858.590 

12.0 

.803 

.298 

36.138 

12.162 

11.838 

781.329 

13.0 

.780 

.320 

36.713 

13.692 

10,308 

680.302 

14.0 

.733 

.334 

37.365 

15.067 

8.933 

589.581 

15.0 

.72S 

.346 

38.001 

16,419 

7.581 

500.337 

16.0 

.711 

.360 

38.453 

17.700 

6.300 

415.810 

17.0 

.693 

.370 

38.949 

18.905 

5.095 

336.280 

18.0 

.683 

.388 

39.090 

20.041 

3.p59 

261.291 

19.0 

.682 

.405 

39.262 

21.196 

2.804 

185*077 

20.0 

.685 

.420 

39.176 

21.837 

2.163 

142.785 

21.0 

.695 

.442 

38.893 

22.486 

1.5U 

38.893 

22.0 

.710 

.463 

33.480 

23.053 

0.942 

62.144 

23.0 

.720 

.491 

38.212 

23.639 

0.311 

20.499 

24.0 

.722 

.515 

38.159 

24.744 

-0.744 

-49.115 

25.0 

.715 

.524 

33.345 

26.035 

26.0 

.700 

.544 

38.745 

27.379 

27.0 

.678 

.560 

39.373 

29.568 

28.0 

.645 

.561 

40.372 

31 .922 

29.0 

.625 

.571 

41.031 

34.063 

30.0 

.605 

.583 

41.686 

36.518 
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TABLE  V 


FLIGHT  PARAMETERS  FOR  W/A  =  2.0  ON 


200  SQ.FT.  PARAFOIL  WIT) I  ACD=  .076 


9  = 

0°  hpa 

=  24 

a 

V 

R/C 

(deg) 

CL 

CD 

(fps) 

HPr 

HPX 

(fpm) 

-6.0 

.077 

.206 

147.801 

237.576 

-5.0 

.121 

.198 

117.905 

140.316 

-4.0 

.172 

.205 

98.392 

85. 720 

-3.0 

.226 

.209 

86.272 

58.024 

-2.0 

.276 

.203 

78.067 

42.788 

-1.0 

.323 

.209 

72.164 

33.960 

0.0 

.377 

.212 

66.796 

27.381 

-3.318 

-273.716 

1.0 

.423 

.213 

63.060 

23.094 

0.906 

74.783 

2.0 

.477 

.218 

59.333 

19.738 

4.262 

35K626 

3.0 

.526 

.221 

56.550 

17.230 

6.720 

554.429 

4.0 

.576 

.224 

46.678 

10.730 

8.716 

719.074 

5.0 

.6  22 

.228 

52.003 

13.863 

10.13? 

836.267 

6.0 

.676 

.231 

49.383 

12.397 

11.605 

957.235 

7.0 

.725 

.236 

48.168 

11.403 

12.59? 

1039.23? 

8.0 

.772 

.244 

46.678 

10,730 

13.27) 

1094.804 

9.0 

.822 

,256 

45.236 

10.246 

13.754 

1134.706 

10.0 

.828 

.263 

45.072 

10.412 

13.588 

1121 .015 

11,0 

.826 

.280 

45.127 

11.125 

12.875 

1062.161 

12.0 

.805 

.298 

45.712 

12.307 

11.693 

964.692 

13.0 

,780 

.320 

46.433 

13.356 

10.144 

836.902 

14.0 

.753 

.334 

47.264 

15.247 

8.753 

722.149 

15.0 

.728 

.346 

48.063 

16.61 5 

7.383 

609.262 

16.0 

.711 

•3  oo 

43. 640 

17.911 

6.089 

502.344 

17.0 

.693 

.3?o 

49.267 

19.130 

4.870 

40I.745 

18.0 

.688 

.383 

49.446 

20.280 

3.720 

306.890 

19.0 

.682 

.405 

49.663 

21.449 

2.551 

210.487 

20.0 

.685 

.420 

49.554 

22.097 

1 .903 

156.991 

21.0 

.695 

.442 

49.196 

22.754 

1 .246 

102.758 

22.0 

.710 

.468 

48.647 

23.333 

0.66? 

54.98? 

23.0 

.720 

.491 

48.335 

23.972 

0.028 

2.311 

24.0 

.722 

.515 

48.263 

25.039 

-1.039 

-85.734 

25.0 

.715 

.534 

48.503 

26.345 

26.0 

.700 

.544 

49.020 

27. 706 

27.0 

.678 

.560 

49.509 

29.920 

28.0 

.645 

.561 

51.067 

32.303 

29.0 

.625 

,571 

51.878 

34.470 

30.0 

.605 

.583 

52.729 

36.954 

TABLE  VI 


FLIGHT  PARAMETERS  AT  5000  FEET 


HORSEPOWER  AVAILABLE  =  19.768  HP 


a 

(deg) 

9=0° 

ACd  =  .038 

W  400# 

~  400  ft2 

cL 

CD 

V 

(fps) 

hpr 

HPX 

-6.0 

.077 

.168 

112.590 

178.655 

-5.0 

.121 

.160 

89.816 

86.374 

-4.0 

.172 

.16? 

75.3.32 

53.194 

-3.0 

.226 

.171 

65.719 

36.164 

-2.0 

.276 

.170 

59.469 

26.640 

-1.0 

.323 

.171 

54.972 

50.883 

21.166 

-1 .397 

0.0 

.377 

.174 

17.080 

2.689 

1.0 

.423 

.175 

48.037 

14.453 

5.315 

7.354 

2.0 

.477 

.180 

45.236 

12.415 

3.0 

.526 

.183 

43.078 

10.900 

8.869 

4.0 

.576 

.186 

41.165 

9.668 

10.101 

5.0 

.622 

.190 

39.614 

8.801 

10.968 

6.0 

.676 

.193 

37.999 

7.890 

11.878 

7.0 

.725 

.198 

36.692 

7.2o8 

12.480 

12.868 

8.0 

.772 

.206 

35.558 

6.901 

9.0 

.822 

.218 

34.459 

6.646 

6.785 

13.122 

10.0 

.828 

.225 

34.334 

12.983 

11.0 

.826 

.242 

34.376 

7.325 

12.444 

12.0 

.805 

.260 

34.821 

8.179 

11.589 

13.0 

.780 

,282 

35.375 

9.301 

10.46? 

14.0 

.753 

,296 

36.004 

10.293 

9.475 

15.0 

.728 

.308 

36.61? 

1 1 .267 

8.502 

16.0 

.711 

.322 

37.052 

12.204 

7.565 

17.0 

.332 

37.530 

15.076 

6.692 

18.0 

.350 

37.666 

13.936 

5.833 

19.0 

,682 

.36? 

37.831 

37.748 

14.806 

4.963 

20.0 

.635 

.382 

15.310 

4*459 

21.0 

.695 

»404 

37.476 

l 5.843 

3.925 

22.0 

.710 

.430 

37.078 

16. 331 

3.437 

23.0 

.720 

.453 

36.819 

16.848 

2.921 

24.0 

.722 

.477 

36.768 

17.66? 

2.102 

25.0 

.715 

.496 

36.948 

18.641 

1.128 

26.0 

.700 

.506 

37.342 

19.631 

0.13? 

27.0 

.678 

.522 

37.943 

21.246 

-1.477 

23.0 

.645 

.523 

38.901 

22.941 

29.0 

.623 

.533 

39.519 

24.510 

30.0 

.605 

.545 

40.16? 

26.315 

R/C 

(fpm) 


-115.286 
221.318 
458.486 
606.675 
731 .664 
833.307 
904.843 
979.961 
1029.640 
1061.594 
1032.555 
1071 .089 
1026.605 
956.088 
863.522 
781.718 
701.309 
624.030 
552.106 
481.198 
409.412 
367.831 
323.816 
283.551 
240.952 
173.390 
93.024 
11.322 
-121.867 
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TABLE  VII 


FLIGHT  PARAMETERS  A  «  iOQOO  FEET 


HORSE  TOWER  A  VARIABLE  =  J6.169  HP 


8=0° 

acd  =  . 

038 

400# 

400 

Of 

V 

R/C 

(deg) 

CL 

CD 

(fps) 

IfPR 

HPX 

(fpm) 

-6.0 

.077 

.168 

121.482 

192.765 

-5.0 

.121 

.160 

90.909 

93,1.96 

-4.0 

.172 

.167 

81.202 

57.396 

-3.0 

.226 

.i?l 

59.314 

22.83? 

-2.0 

.276 

.170 

64 » 1 60 

28.744 

-1.0 

.323 

.171 

59.314 

22.83? 

0.0 

.377 

.174 

54.902 

18.429 

-2.259 

-186.398 

1.0 

.423 

.175 

5L  831 

1 5. 595 

0.574 

47.333 

2.0 

.47? 

.180 

48.890 

13.395 

2.774 

226,856 

3.0 

.526 

.183 

48. 4o0 

11.761 

4.409 

363.71? 

4.0 

.576 

.186 

44.41? 

10.431 

5.738 

473.389 

5.0 

.622 

.190 

42.743 

9.496 

6.674 

550*975 

6.0 

.676 

.193 

41,000 

8.513 

7,656 

631 .625 

7.0 

.725 

.198 

39.590 

7.863 

8.306 

685,228 

8.0 

.772 

.206 

33,366 

7.446 

8.724 

719.706 

9.0 

.822 

.218 

37.181 

7.  i?i 

■  8*978 

742,325 

to.o 

,826 

.225 

37.046 

7.321 

8.848 

729.951 

11.0 

.826 

.242 

37,091 

7.003 

0.266 

681.953 

12.0 

.805 

.260 

37, 5p 

5,325 

7.364 

699.86? 

13.0 

.780 

.282 

3M69 

10.036 

6.1,53 

535,999 

1  A.O 

.753 

.296 

38.1:14? 

U.  106 

5*063 

417,725 

15.0 

.72o 

.308 

39.599 

12.15? 

4.01J 

331 .031 

16.0 

.711 

.322 

39.978 

i3.ui 

3*002 

247.636 

17.0 

-m 

.332 

49.494 

14.179 

2.060  . 

169.978 

18.0 

.350 

49,641 

13,056 

1*133 

93.469 

19.0 

.682 

.36? 

40.819 

1 5>9?n 

0.194 

16.013 

20.0 

.685 

.352 

40,730 

16. 519 

*0.350 

-28.852 

21.0 

*695 

.404 

40.436 

22.0 

.?to 

.430 

40,006 

17.621 

23.0 

,720 

.453 

39.723 

18.178 

24.0 

,722 

.477 

39.673 

19*062 

25.0 

.715 

.496 

39.866 

20.H3 

26.0 

.700 

.506 

hih  291 

21.812 

27.0 

.678 

*522 

40.940 

22*924 

28,0 

.645 

.523 

41.9/4 

24.752 

29.0 

.625 

Kt*. 

*  ^vv 

26.446 

50.0 

.605 

.5*45 

43.339 

28.394 
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TABLE  VIII 


FLIGHT  PARAMETERS  FOR  6=  -20° 

W/A  =  1.0  ON  400  SQ.  FT.  PARAFOIL  WITH  ACD  =  .038  (HPA=24) 


a 

V 

R/C 

(deg) 

cL 

cD 

(fps) 

HPr 

HPx 

(fpm) 

-5.0 

.  121 

.160 

115.747 

214,550 

-4.0 

.172 

.167 

86.956 

94.950 

-3,0 

.226 

.171 

71.662 

54.417 

-2.0 

.276 

.170 

62.670 

36. 184 

-1.0 

.323 

.171 

56.791 

27.084 

.0 

.377 

.174 

51,780 

20.889 

1.66 

137.14 

1.0 

.423 

.175 

48. 380 

17.137 

5.42 

446.75 

2.0 

.477 

.180 

45.209 

14. 382 

8.17 

674.00 

3.0 

.526 

.183 

42.787 

12.395 

10.16 

837.93 

4.0 

,576 

.186 

40.676 

10.825 

11.73 

967.51 

5.0 

.622 

.190 

39.003 

9.748 

12.80 

1056.31 

6.0 

.676 

.193 

37.261 

8.634 

13.92 

1148.27 

7.0 

.725 

.198 

35.890 

7.915 

14.64 

1207.58 

8.0 

.772 

.206 

34.736 

7.466 

15.09 

1244.62 

9.0 

.822 

.21$ 

33.652 

7.184 

15.37 

1267.89 

10.0 

.828 

.225 

33.574 

7.363 

15,19 

1253. 10 

11.0 

.826 

.242 

33.760 

8.052 

14.50 

1196.29 

12.0 

.805 

.260 

34.408 

9.159 

13.39 

1104.96 

13.0 

.780 

.282 

35.236 

10.669 

11.88 

980.40 

14.0 

.753 

.296 

36. 102 

12,044 

10.51 

866.92 

15.0 

.728 

.308 

36.953 

13.439 

9.11 

751,81 

16.0 

.711 

.322 

37.634 

14.841 

7.11 

636.11 

17.0 

.693 

.332 

38.339 

16. 178 

6.37 

525,78 

18,0 

.688 

.350 

38.732 

17.585 

4.97 

409.70 

19.0 

.682 

.367 

39.160 

19.058 

3,49 

238,24 

20.0 

.685 

.382 

39.24S 

19-971 

2.58 

212.90 

21.0 

.695 

.404 

39. 176 

21.006 

1.55 

127.50 

22.0 

.710 

.430 

38.980 

22.023 

.53 

43.57 

23.0 

.720 

.453 

38.923 

23.098 

-.55 

-45.20 

24.0 

.722 

,477 

39. 161 

24.772 

25.0 

.715 

.496 

39.667 

26.771 

TABLE  DC 


FLIGHT  PARAMETERS  FOR  6  =  -10° 

W  /A  =  LOON  400  SQ.FT.  PARAFOIL  WITH  ACD  =  .038  (HPA=24) 


a 

V 

R/C 

(deg) 

cl 

CD 

(fps) 

hpr 

HPjc 

(fpm) 

-6.0 

.077 

.168 

133.229 

343.546 

-5.0 

.121 

.160 

95.203 

119.386 

-4.0 

.172 

.167 

76.809 

65.438 

-3.0 

.226 

.171 

65.530 

41.611 

-2.0 

.276 

.170 

58.468 

29.381 

-1.0 

.323 

.171 

53.590 

22.758 

0.88 

72.38 

.0 

.377 

.174 

49.280 

18.007 

5.63 

464.35 

1.0 

.423 

.175 

46.311 

15.030 

8.60 

709.90 

2.0 

.477 

.180 

43.461 

12.778 

10.86 

895.76 

3.0 

.526 

.183 

41.272 

11.125 

12.51 

1032.07 

4.0 

.576 

.186 

39. 348 

9.799 

13.84 

1141.52 

5.0 

.622 

.190 

37.804 

8.876 

14.76 

1217.62 

6.0 

.676 

.193 

36. 195 

7.914 

15.72 

1297.03 

7.0 

.725 

.198 

34.910 

7.285 

16. 35 

1348.93 

8.0 

.772 

.206 

33.811 

6.886 

16.75 

1381.86 

9.0 

.822 

.218 

32.762 

6.629 

17.01 

1403.03 

10.0 

.828 

.225 

32 . 663 

6.780 

16.86 

1390.58 

11.0 

.8/6 

.242 

32.767 

7.362 

16.27 

1342.55 

12.0 

.805 

.260 

33.284 

8.290 

15.34 

1265.96 

13.0 

.780 

.282 

33.936 

9.531 

14.10 

1163.64 

14.0 

.753 

.296 

34.642 

10.641 

12.99 

1072.01 

15.0 

.728 

.308 

35.333 

11.748 

11.89 

980.71 

16.0 

.711 

.322 

35.854 

12.834 

10.80 

891.09 

17.0 

.693 

.332 

36.409 

13.856 

9.78 

806.81 

18.0 

.688 

.350 

36.645 

14.894 

8.74 

721.16 

19.0 

.682 

.367 

36.911 

15.960 

7.68 

633.20 

20.0 

.685 

.382 

36.901 

16.598 

7.04 

580.57 

21.0 

.695 

.404 

36.719 

17.296 

6.34 

522.97 

22.0 

.710 

.430 

36.416 

17.957 

5.68 

468.40 

23.0 

.720 

.453 

36.247 

18.655 

4.98 

410.84 

24.0 

.722 

.477 

36.310 

19.746 

3.89 

320. 79 

25.0 

.715 

.496 

36.608 

21.043 

2.59 

213.82 

26.0 

.700 

.506 

37.107 

22.357 

1.28 

105.40 

27.0 

.678 

.522 

37.885 

24.545 

-.91 

-75.10 

28.0 

.645 

.523 

39.005 

26.838 

29.0 

.625 

.533 

39.797 

29.050 

30.0 

.605 

.545 

40.652 

31.661 
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TABLE  X 


FLIGHT  PARAMETERS  FOR  6  =  10° 

W/A  =  1.0  ON  400  SQ.FT.  PARAFOIL  WITH  ACp  =  .038  (HPA  =  24) 


0? 

V 

R/C 

(deg) 

CL 

CD 

(fps) 

hpr 

HPX 

(fpm) 

-6.0 

.077 

.168 

88.817 

101.783 

-5.0 

.121 

.160 

75.078 

58.552 

-4.0 

.  172 

.167 

64.615 

38.958 

-3.0 

.226 

.171 

57.301 

27.821 

-2.0 

.276 

.170 

52.429 

21.185 

2.45 

202. 19 

-1.0 

.323 

.171 

48.801 

17.186 

6.45 

532.13 

.  0 

.377 

.174 

45.421 

14.099 

9.54 

786.80 

1.0 

.423 

.175 

43.048 

12.072 

11.56 

954.02 

2.0 

.477 

.180 

40.660 

10.463 

13.17 

1086.77 

3.0 

.526 

.183 

38.814 

9.253 

14.38 

1186.54 

4.0 

.576 

.186 

37.169 

8.259 

15.38 

1268.59 

5.0 

.622 

.190 

35.820 

7.551 

16.08 

1326.98 

6.0 

.676 

.193 

34.417 

6.804 

16.83 

1388. 62 

7.0 

.725 

.198 

33.268 

6.304 

17.33 

1429.84 

8.0 

.772 

.206 

32.257 

5.979 

17.66 

1456.70 

9.0 

.822 

.218 

31.264 

5.761 

17.87 

1474.66 

10.0 

.828 

.225 

31.134 

5.872 

17.76 

1465.52 

11.0 

.826 

.242 

31.116 

6.304 

17. 33 

1429.82 

12.0 

.805 

.260 

31.440 

6.987 

16.65 

1373.48 

13.0 

.780 

.282 

31.838 

7.870 

15.77 

1300.68 

14.0 

.753 

.296 

32.319 

8.641 

14.99 

1237.07 

15.0 

.728 

.308 

32.789 

9. 389 

14.25 

1175.39 

16.0 

.711 

.322 

33.097 

10.095 

13.54 

1117.09 

17.0 

.693 

.332 

33.453 

10.748 

12.89 

1063.24 

18.0 

.688 

.350 

33.494 

11.372 

12.26 

1011.75 

19.0 

.682 

.367 

33.561 

11.996 

11.64 

960.25 

20.0 

.685 

.382 

33.435 

12.347 

11.29 

931.37 

21.0 

.695 

.404 

33.131 

12.704 

10.93 

901.84 

22.0 

.710 

.430 

32.715 

13.020 

10.62 

875.83 

23.0 

.720 

.453 

32.427 

13.356 

10.28 

848.08 

24.0 

.722 

.477 

32.301 

13.901 

9.73 

803. 13 

25.0 

.715 

.496 

32.374 

14.554 

9.08 

749. 30 

26.0 

.700 

.506 

32.645 

15.222 

8.41 

694.15 

27.0 

.678 

.522 

33.049 

16.294 

7.34 

605.75 

28.0 

.645 

.523 

33.777 

17.427 

6.21 

512.24 

29.0 

.625 

.533 

34.202 

18.440 

5.20 

428.65 

30.0 

.605 

.545 

34.636 

19.582 

4.05 

334.50 
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TABLE  XI 


FLIGHT  PARAMETERS  FOR  0  =  20^ 


W/A  = 

1.0  ON  400  SQ.FT. 

PARAFOIL 

WITH  ACd 

oo 

co 

o 

• 

It 

<HPa=24) 

a 

V 

R/C 

(deg) 

cL 

CD 

(fps) 

HPr 

HPX 

(fpm) 

-6.0 

.077 

.168 

78.029 

69.018 

-5.0 

.121 

.160 

68.503 

44.477 

-4.0 

.172 

.167 

60.110 

31.364 

-3.0 

.226 

.171 

54.018 

23.308 

-2.0 

.276 

.170 

49.893 

18.258 

4.30 

354.42 

-1.0 

.323 

.171 

46.725 

15.084 

7.47 

616.19 

.0 

.377 

.174 

43.704 

12.560 

9.99 

824.40 

1.0 

.423 

.175 

41.571 

10.871 

11.68 

963.75 

2.0 

.477 

.180 

39.374 

9.501 

13.05 

1076.77 

3.0 

.526 

.183 

37.673 

8.461 

14.09 

1162.58 

4.0 

.576 

.186 

36. 147 

7.596 

14.96 

1233.90 

5.0 

.622 

.190 

34.884 

6.974 

15.58 

1285.21 

6.0 

.676 

.193 

33.572 

6.315 

16.24 

1339.64 

7.0 

.725 

.198 

32.484 

5.869 

16.68 

1376.43 

8.0 

.772 

.206 

31.512 

5.574 

16.98 

1400.74 

9.0 

.822 

.218 

30.547 

5.373 

17.18 

1417.31 

10.0 

.828 

.225 

30.403 

5.468 

17.08 

1409.50 

11.0 

.826 

.242 

30. 333 

5.841 

16.71 

1378.75 

12.0 

.805 

.260 

30.576 

6.427 

16.13 

1330. 39 

13.0 

.780 

.282 

30.869 

7.173 

15.38 

1268.85 

14.0 

.753 

.296 

31.259 

7.818 

14.73 

1215.61 

15.0 

.728 

.308 

31.641 

8.437 

14.12 

1164.59 

16.0 

.711 

.322 

31.868 

9.011 

13.54 

1117.20 

17.0 

.693 

.332 

32.147 

9.538 

13.02 

1073.74 

18.0 

.688 

.350 

32.117 

10.026 

12.53 

1033.45 

19.0 

.682 

.367 

32.113 

10.510 

12.04 

993.57 

20.0 

.685 

.382 

31.948 

10.771 

11.78 

972.00 

21.0 

.695 

.404 

31.605 

11.028 

11.52 

950.80 

22.0 

.710 

.430 

31.155 

11.245 

11.31 

932.97 

23.0 

.720 

.453 

30.830 

11.479 

11.07 

913.63 

24.0 

.722 

.477 

30.645 

11.871 

10.68 

881.33 

25.0 

.715 

.496 

30.646 

12.345 

10.21 

842.18 

26.0 

.700 

.506 

30.843 

12.838 

9.72 

801.56 

27.0 

.678 

.522 

31.129 

13.615 

8.94 

737.39 

28.0 

.645 

.523 

31.731 

14.449 

8.10 

668.65 

29.0 

.625 

.533 

32.046 

15.168 

7.39 

609.28 

30.0 

.605 

.545 

32.357 

15.965 

6.59 

543.59 
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TABLE  XII 

FLIGHT  PARAMETERS  FOR  0  =  30° 


W/A  - 

1.0  ON  400  SQ.FT. 

PARAFOIL  WITH  ACD 

=  .038 

(HPA=24) 

a 

V 

R/C 

(deg) 

cL 

CD 

(fps) 

HPr 

HPX 

(fpm) 

-6.0 

.077 

.168 

69.529 

48.831 

-5.0 

.121 

.160 

62.785 

34.243 

|  -4.0 

.172 

.167 

55.979 

25.331 

i  -3.0 

.226 

.171 

50.894 

19.493 

1.29 

106. 77 

'  -2.0 

.276 

.170 

47.413 

15.668 

5.12 

422.22 

-1.0 

.323 

.171 

44.659 

13. 170 

7.62 

628.  30 

.0 

.377 

.174 

41.971 

11.125 

9.67 

797.03 

1.0 

.423 

.175 

40.062 

9.730 

11.05 

912.04 

2.0 

.477 

.180 

38.050 

8.575 

12.21 

1007. 36 

3.0 

.526 

.183 

36.490 

7.689 

13.10 

1080.45 

4.0 

.576 

.186 

35.082 

6.945 

13.84 

1141.85 

5.0 

.622 

.190 

33.904 

6.403 

14.38 

1186.52 

6.0 

.675 

.193 

32.682 

5.826 

14.96 

1234. 12 

7.0 

.725 

.198 

31.656 

5.431 

15.35 

1266.68 

8.0 

.772 

.206 

30.725 

5.167 

15.62 

1288.50 

9.0 

.822 

.218 

29.788 

4.983 

15.80 

1303. 69 

10.0 

.828 

.225 

29.632 

5.062 

15.72 

1297. 14 

11.0 

.826 

.242 

29.511 

5.379 

15.41 

1271.03 

12.0 

.805 

.260 

29.675 

5.875 

14.91 

1230.06 

13.0 

.780 

.282 

29.868 

6.497 

14.29 

1178.73 

14.0 

.753 

.296 

30. 172 

7.031 

13.75 

1134.76 

15.0 

.728 

.308 

30.472 

7.536 

13.25 

1093.09 

16.0 

.711 

.322 

30. 623 

7.996 

12.79 

1055. 12 

17.0 

.693 

.332 

30. 834 

8.416 

12.37 

1020.49 

18.0 

.688 

.350 

30.740 

8.792 

11.99 

989.49 

19.0 

.682 

.367 

30. 675 

9. 160 

11.63 

959. 13 

20.0 

.685 

.382 

30.477 

9.351 

11.43 

943. 38 

21.0 

.695 

.404 

30. 102 

9.529 

11.26 

928. 70 

22.0 

.710 

'  .430 

29.626 

9.669 

11.12 

917.11 

23.0 

.720 

.453 

29.273 

9.826 

10.96 

904. 16 

24.0 

.722 

All 

29.039 

10. 101 

10.68 

881.49 

25.0 

.715 

.496 

28.982 

10.441 

10. 34 

853.45 

26.0 

.700 

.506 

29.116 

10.800 

9.99 

823.80 

27.0 

.687 

.522 

29. 306 

11.361 

9.43 

777.60 

28.0 

.645 

.523 

29.803 

11.972 

8.81 

727. 17 

29.0 

.625 

.533 

30.029 

12.481 

8.31 

685. 18 

30.0 

.605 

.545 

30.242 

13.035 

7.75 

639.47 
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TABLE  XIII 


FLIGHT  PARAMETERS  FOR  0  =  40° 


W/A  =  1.0 

ON  400 

SQ.FT. 

PARAFOIL 

wrrH  ACd 

=  .038  (HPa=  24) 

a 

V 

R/C 

(deg) 

CL 

CD 

(fps) 

hPr 

HPx 

(fpm) 

-6.0 

.077 

.168 

62. 123 

34.829 

-5.0 

.121 

.160 

57.405 

26.173 

-4.0 

.172 

.167 

51.912 

20.202 

-3.0 

.226 

.171 

47.713 

16.061 

2.33 

191.94 

-2.0 

.276 

.170 

44.823 

13.239 

5.15 

424.73 

-1.0 

.323 

.171 

42.463 

11.321 

7.07 

582.87 

.0 

.377 

.174 

40. 103 

9.704 

8.68 

716.28 

1.0 

.423 

.  175 

38.419 

8.581 

9.80 

808.87 

2.0 

.477 

.180 

36.596 

7.629 

10.76 

887.47 

3.0 

.526 

.183 

35.181 

6.891 

11.49 

948.34 

4.0 

.576 

.186 

33.896 

6.264 

12.12 

1000.06 

5.0 

.622 

.190 

32.808 

5.802 

12.58 

1038. 15 

6.0 

.675 

.193 

31.682 

5.307 

13.08 

1078.94 

7.0 

.725 

.198 

30.722 

4.965 

13.42 

1107.21 

8.0 

.772 

.206 

29.836 

4.731 

13.65 

1126.48 

9.0 

.822 

.218 

28.930 

4.565 

13.82 

1140.22 

10.0 

.828 

.225 

28.761 

4.629 

13.76 

1134.91 

11.0 

.826 

.242 

28.589 

4.890 

13.50 

1113.38 

12.0 

.805 

.260 

28.671 

5.299 

13.09 

1079.63 

13.0 

.780 

.282 

28.764 

5.803 

12.58 

1038.06 

14.0 

.753 

.296 

28.982 

6.231 

12.15 

1002.77 

15.0 

.728 

.308 

29.200 

6.631 

11.75 

969.74 

16.0 

.711 

.322 

29.278 

6.988 

11.40 

940.28 

17.0 

.693 

.332 

29.423 

7.313 

11.07 

913.54 

18.0 

.688 

.350 

29.271 

7.590 

10.80 

890.62 

19.0 

.682 

.367 

29.149 

7.860 

10.53 

868.42 

20.0 

.685 

.382 

28.922 

7.992 

10.39 

857.55 

21.0 

.695 

.404 

28.521 

8.105 

10.88 

848. 17 

22.0 

.710 

.430 

28.027 

8.186 

10.20 

841.52 

23.0 

.720 

.453 

27.651 

8.282 

10.10 

833.63 

24.0 

.722 

.477 

27. 377 

8.464 

9.92 

818.62 

25,0 

.715 

.496 

27.269 

8.697 

9.69 

799.40 

26.0 

.700 

.506 

27.349 

8.950 

9.44 

778.48 

27.0 

.678 

.522 

27.454 

9.340 

9.05 

746.34 

28.0 

.645 

.523 

27.858 

9.777 

8.61 

710.26 

29.0 

.625 

.533 

28.008 

10.127 

8.26 

681.45 

30.0 

.605 

.545 

28. 139 

10.500 

7.89 

650.64 
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TABLE  XIV 


ASCENDING  FLIGHT 


II 

400#  1 

400  ft2 

0  = 

0° 

L/D  =  2.95 

«r 

11°  cL  = 

.826 

Cd=  . 

280  AC 

D  =  .076 

»? 

-y 

(deg) 

V 

(fps) 

u 

(fps) 

-w 

(fps) 

* 

T 

(lbs) 

** 

HP 

R/C 

(fpm) 

0.0 

-18.725 

31.053 

29.410 

-9.969 

0.0 

0.0 

-598. 162 

0.5 

-  9.106 

31.274 

30.880 

-4.950 

67.797 

3.806 

-296.971 

1.0 

0.0 

31.909 

31.909 

0.0 

135.593 

7.867 

0.0 

1.5 

8.226 

32.891 

32.553 

4.706 

203.390 

12.038 

282.372 

2.0 

15.410 

34.133 

32.906 

9.070 

271.186 

16.225 

544.198 

2.5 

21.553 

35.553 

33.067 

13.061 

338.983 

20.380 

783.680 

3.0 

26.755 

37.086 

33.115 

16.696 

406.780 

24.492 

1001.730 

3.5 

31.147 

38.682 

33. 105 

20.008 

474.576 

28.565 

1200.496 

4.0 

34.864 

40. 307 

33.072 

23.042 

542.373 

32.613 

1382.50 

4.5 

38.026 

41.939 

33.036 

25.836 

610. 169 

36.650 

5.0 

40.732 

43.563 

33.010 

28.426 

677.966 

40.690 

cos  (y  -9 

**  This  is  the  HP  which  will  yield  the  R/C  as  indicated. 
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TABLE  XV 


ASCENDING  FLIGHT 


ii 

m  =  1  35 
400 

0  = 

0°  L/D 

\= 

11°  cL  = 

.826 

CD  =  2.80 

ri 

-y 

V 

u 

(deg) 

(fps) 

(fps) 

0.0 

-18.725 

36.081 

34.171 

0.5 

-  9.106 

36.337 

35.879 

1.0 

-  0.0 

37.075 

37.075 

1.5 

8.226 

38.216 

37.823 

2.0 

15.410 

39.659 

38.233 

2.5 

21.553 

41.309 

38.420 

3.0 

26. 155 

43.090 

38.476 

3.5 

31.147 

44.944 

38.465 

4.0 

34.864 

46.833 

38.426 

4.5 

38.026 

48.729 

38.385 

5.0 

40.732 

50.615 

38.354 

2.95 

ACd=  .076 


*  * 


-w 

T 

HP 

R/C 

(fps) 

(lbs) 

(fpm) 

-11.583 

0.0 

0.0 

-695.001 

-  5.751 

91.525 

5.971 

-345.049 

0.0 

183.051 

12.339 

0.0 

5.468 

274.576 

18.882 

328.086 

10.538 

366. 102 

25.449 

682.301 

15. 176 

457.627 

31.968 

910.561 

19.398 

549. J53 

38.417 

1163.906 

23.947 

640.678 

44.806 

1394.850 

26.772 

732.203 

51.156 

1606.321 

30.019 

823.729 

57.488 

1801.121 

33.029 

915.254 

63.824 

1981.714 

•See  footnotes  table  XIV. 
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TABLE  XVI 


ASCENDING  FLIGHT 


w  _ 

A 

540# 

200  ft2 

2.7 

0=0° 

L/D  = 

2.95 

Op  = 

11°  c 

L  =  .826 

CD  = 

.280  AC 

D  =  .076 

»? 

-r 

(deg) 

V 

(fps) 

u 

(fps) 

-w 

(fps) 

T* 

(lbs) 

♦ 

HP 

R/C 

(fpm) 

0.0 

-18.725 

51.026 

48. 325 

-16.381 

0.0 

0.0 

-982.880 

0.5 

-  9.106 

51.389 

50.741 

-  8.133 

91.525 

8.444 

-487.973 

1.0 

0.0 

52.433 

52.433 

0.0 

183,051 

17.451 

0.0 

1.5 

8.226 

54.045 

53.489 

7.733 

274.576 

26.703 

463.984 

2.0 

15.410 

56.086 

54.069 

14.903 

366. 102 

35.991 

894.209 

2.5 

21.553 

58.420 

54.334 

21.462 

457.627 

45.209 

1287.728 

3.0 

26.755 

60.938 

54.414 

27.434 

549.702 

54.333 

1646.011 

3.5 

31. 147 

63.561 

54.397 

32.877 

640.678 

63.366 

1972.616 

4.0 

34.864 

66.232 

54.343 

37.861 

732.203 

72.345 

2271.682 

4.5 

38.026 

68.913 

54.284 

42.453 

823.729 

81.301 

2547. 170 

5.0 

40.732 

71.581 

54.240 

46.709 

915.254 

90.261 

2802.566 

♦See  footnotes  Table  XIV. 
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TABLE  XVII 


CONSTANT  HORSEPOWER  ASCENDING  FLIGHT 


HPa  =  20  6  =  0,dCD  =  .076 


w  =  540 
A  400 


1.35 


(deg) 

L 

D 

-6 

.077 

.206 

-5 

.121 

.198 

-4 

.  172 

.205 

-3 

.226 

.209 

-2 

.276 

.208 

-1 

.323 

.209 

.377 

.212 

.1 

.423 

.213 

2 

.477 

.218 

3 

.526 

.221 

4 

.576 

.224 

5 

.622 

.228 

6 

.676 

.231 

7 

.725 

.236 

8 

.772 

.244 

9 

.822 

.256 

10 

.828 

.263 

11 

.826 

.280 

12 

.805 

.298 

13 

.780 

.320 

14 

.753 

.334 

15 

.728 

.346 

16 

.711 

.360 

17 

.693 

.370 

18 

.688 

.388 

19 

.682 

.405 

20 

.685 

.420 

21 

.695 

.442 

22 

.710 

.468 

23 

.720 

.491 

24 

.722 

.515 

25 

.715 

.534 

26 

.700 

.544 

27 

.678 

.560 

28 

.645 

.561 

29 

.625 

.571 

30 

.605 

.583 

V 

-w 

(fps) 

(fps) 

74.62 

-55.00 

72.14 

-45.05 

67.08 

-34.08 

62.56 

-24.65 

59.10 

-17.40 

56.12 

-12.11 

53.06 

-  7.49 

50.84 

-  4.20 

48.45 

-  1.42 

46.61 

.72 

44.93 

2.53 

43.52 

3.86 

42.07 

5.31 

40.85 

6.27 

39.77 

6.91 

38.69 

7.36 

38.53 

7.17 

38.45 

6.41 

38.71 

5.22 

39.00 

3.69 

39.40 

2.42 

39,79 

1.22 

39.99 

.14 

40.26 

-  .83 

40.16 

-  1.70 

40.09 

-  2,54 

39.86 

-  2.99 

39.42 

-  3,41 

38.86 

-  3.75 

38.43 

-  4.12 

38.14 

-  4.73 

38.04 

-  5.46 

38,17 

-  6.21 

38.33 

-  7.34 

38.84 

-  8,52 

39.03 

-  9.48 

39.19 

-10.49 

u 

-Y 

(fps) 

(deg) 

50.43 

-47.47 

56.34 

-38.64 

57.78 

-30.53 

57.50 

-23.20 

56.48 

-17.12 

54.79 

-12.46 

52.53 

-  8.11 

50.67 

-  4.73 

48.45 

-  1.67 

46.61 

.89 

44.85 

3.23 

43.35 

5.09 

41.73 

7.25 

40.37 

8.83 

39.16 

10.01 

37.98 

10.97 

37.86 

10.73 

37.91 

9.60 

38.36 

7.75 

38.83 

5.43 

39.33 

3.52 

39.77 

1.76 

39.99 

.20 

40.25 

-  1.18 

40. 12 

-  2.43 

40.01 

-  3.64 

39.74 

-  4.30 

39.27 

-  4.96 

38.67 

-  5.54 

38.21 

-  6.15 

37.84 

-  7.13 

37.65 

-  8.26 

37.66 

-  9.36 

37.62 

-11.04 

37.89 

-12.68 

37.86 

-14.06 

37.76 

-15.52 

T 

R/C 

(lbs) 

(fpm) 

218.45 

-3300. 17 

195.72 

-2703.30 

190.90 

-2044.85 

191.83 

-1479.06 

195.26 

-1044.08 

201.24 

-  726.85 

209.84 

-  449.43 

218.05 

-  251.99 

227.91 

-  85.21 

236.81 

43.43 

245.94 

152.21 

254.38 

231.86 

264.77 

318.73 

273.52 

376.41 

281.81 

415.16 

290.42 

441.99 

291.43 

430.63 

291.15 

385.06 

287.98 

313.56 

283.95 

221.51 

280.39 

145.20 

277.35 

73.54 

275.85 

8.59 

274.14 

-  49.84 

275.01 

-  102.26 

275.83 

-  152.96 

277.65 

-  179.46 

281.00 

-  204.64 

285.30 

-  225.14 

288.75 

-  247.35 

291.54 

-  284.28 

293.06 

-  328. 16 

292.98 

-  372.86 

293.30 

-  440.66 

291.18 

-  511.65 

291.40 

-  569.  11 

292. 17 

-  629.42 

♦See  footnotes  Table  XIV. 
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IRISH  FLYERS 


Three  Irish  Flyers  have  been  constructed  and  test  flown  in  order  to 
explore  the  basic  feasibility  of  powered  Parafoil  flight. 

Irish  Flyer  I 

Irish  Flyer  I  was  configured  by  modifying  a  standard  Benson  Gyrocopter 
(Figure  B-l  and  B-2).  The  rotor  was  removed  and  replaced  by  a  6  foot  cross 
member  to  which  the  Parafoil  was  attached.  Also,  the  propeller  was  shrouded 
in  order  to  avoid  entanglement  with  the  Parafoil  lines.  Irish  Flyer  I  was  tested 
in  the  summer  of  1968  by  towing  it  aloft  and  releasing  it  for  extended  powered 
glides.  Complete  flight  stability  was  obtained  in  all  six  flights;  however,  only 
limited  periods  of  straight  and  level  flight  were  demonstrated. 

Irish  Flyer  II 

Irish  Flyer  II  was  constructed  in  1971  (Figure  B-3).  *  The  results  of  the 
various  test  flights  are  given  and  discussed  in  the  body  of  this  report.  Figure 
B-4  shows  the  suborbital  paths  for  each  of  the  five  flights. 

Irish  Flyer  III 

Irish  Flyer  III  was  also  constructed  and  flight  tested  in  1971  (Figures 
B-5  and  B-6).**  This  vehicle  utilizes  a  North  American  Rockwell  JLO-LB-600 
engine  with  a  46  inch  diameter  propeller.  The  total  vehicle  weight  with  pilot 
is  400  pounds.***  This  pusher  concept  incorporates  a  provision  for  pilot 
ejection  seat  recovery  and  powered  flight  (Figure  B-7).  The  trim, control  and 
flight  stability  were  first  checked  out  by  direct  tow  tests  (Figure  B-8)  and  by 
numerous  ascending  and  gliding  flights.  Powered  flights  with  the  Irish  Flyer 
III  were  then  carried  out  (Figures  B-9  and  B-10).  The  various  flights  are 
discussed  in  the  following  paragraphs  and  the  suborbital  paths  are  shown  in 
Figures  (B-ll  and  B- 12); 

On  Saturday  December  11,  1971  three  powered  Parafoil  flights  in  the 
Irish  Flyer  III  were  carried  out  at  the  Gosh  Airport,  Goshen,  Indiana: 


’  *Non-powered  test  pilot  Michael  Higgins.  Powered  test  pilot  Lowell 
Farrand.  Design  and  construction  Wayne  Ison. 

**Non-powered  and  powered  test  pilot  Ed  Tavares.  Design  and 
construction  Wayne  Ison. 

***The  FAA/SAC  cf  21  January  1972  assigns  N-302ND  to  Nicolaides 
Irish  Flyer.  The  engine  is  rated  at  20  HP  at  3500  RPM. 
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First  Flight 


A  tow  type  take-off  was  utilized.  The  Irish  Flyer  III  left  the 
ground  at  an  airspeed  of  24  mph  and  was  towea  to  an  altitude  of 
approximately  500  feet.  The  engine  was  running  at  2000  RPM 
during  tow  take-off.  After  the  tow  line  was  released  the  power 
was  increased.  The  flyer  did  not  climb  or  maintain  level  flight. 
After  an  extended  powered  glide  of  1/2  mile,  the  pilot  switched 
the  engine  off  and  glided  to  a  landing  in  a  plowed  field. 


Second  Flight 

The  engine  was  adjusted  and  the  gas  tank  was  moved  to  provide 
better  gas  flow.  Tow  take-off  and  climb  were  normal.  After 
tow  line  release,  power  was  added  and  level  flight  was  achieved. 
The  attitude  of  the  vehicle  was  slightly  nose  up.  Short  periods 
of  climb  were  attempted  successfully.  Only  3300  RPM  was 
needed  for  level  flight .  Full  power  is  3500  RPM.  The  propeller 
torque  caused  the  craft  to  turn  to  the  right.  After  traveling 
about  3/4  mile,  the  pilot  reduced  power  and  began  his  descent. 
Power  was  switched  off  at  an  altitude  of  30  feet.  Because  of  the 
torque  and  turn  problem,  Irish  Flyer  III  landed  in  a  corn  field 
instead  of  on  the  grass  runway. 


Third  Flight 

After  being  towed  to  altitude  and  released,  Irish  Flyer  III 
maintained  level  flight.  A  slow  and  wide  360°  turn  to  the 
right  was  initiated.  Short  periods  of  climb  were  achieved. 
After  a  full  circle  of  the  airport,  the  pilot  reduced  power  and 
established  his  approach  glide.  Power  was  switched  off  at  an 
altitude  of  30  feet.  The  pilot  was  able  to  land  at  a  spot  of  his 
own  choosing,  and  the  landing  was  normal.  The  total  distance 
of  the  flight  was  approximately  2  miles. 

On  Sunday,  December  12,  1971  the  powered  Parafoil  flights 
of  the  Irish  Flyer  !U  were  continued  at  the  Goshen  Airport. 
The  control  lines  were  extended  eight  inches  for  this  flight 
in  order  to  remove  a  flap  deflection  which  was  observed  in  the 
tests  of  the  previous  day. 


Fourth  Flight 

A  tow  type  take-off  was  again  utilized.  Irish  Flyer  ill  lifted 
off  the  ground  at  an  airspeed  of  approximately  54  mph.  The 
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engine  was  running  at  2000  RPM  while  the  craft  was  towed  to 
an  altitude  of  500  feet.  After  the  tow  line  was  released,  full 
power  was  added  and  a  slow  climb  began.  However,  the  in¬ 
creased  engine  torque  again  caused  a  turn  to  the  right,  and  the 
vehicle  leveled  off.  Straight  flight  could  not  be  achieved  even 
by  using  full  left  control  deflection.  Partial  climbing  was 
achieved  by  pulling  back  on  the  trim  control  stick.  Full  power 
was  required  for  level  flight  when  the  stick  was  in  the  normal 
(neutral)  position.  The  pilot  made  six  complete  circuits  of  the 
airport.  He  then  reduced  power  and  established  his  glide.  At 
an  altitude  of  approximately  100  feet,  the  pilot  again  applied 
full  power  and  began  to  climb  in  order  to  avoid  a  runway 
marker.  He  then  landed  in  the  normal  manner.  The  total 
distance  of  the  flight  was  approximately  12  miles. 
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Discussion  of  Irish  Flyer  Flights 


Irish  Flyer  I 

The  construction  and  flights  of  Irish  Flyer  I  were  carried  out  at  the 
invitation  of  Life  Magazine  and  were  recorded  there  ini*  A  review  of  the  flight 
films  revealed  that  the  control  lines  were  approximately  3  feet  too  short. 
This  error  caused  an  excessively  large  Parafoil  trim  angle  and  thu3  excess 
drag.  The  engine  power  available  was  simply  unable  to  overcome  this  large 
drag  for  any  reasonable  time.  Because  of  the  damage  to  the  craft  on  the  last 
landing  no  further  tests  were  carried  out. 


Irish  Fly *?r  if 

The  flights  of  Irish  Flyer  II  are  discussed  in  the  main  body  of  the  re¬ 
port.  In  summary,  completely  stable  flight  was  obtained.  Complete  control 
was  also  demonstrated;  light  turn,  left  turn,  and  full  flare  landing.  Irish 
Fly  ex  II  was  able  to  fly  level  and  it  demonstrated  a  limited  ability  to  climb. 
The  available  horsepower  of  approximately  12  HP  was  just  about  equal  to  the 
drag. 


Irish  Flyer  It  has  been  modified  for  the  installation  of  a  new  engine 
having  at  least  twice  the  previous  power,  ft  should  be  available  for  flight 
demonstration  on  17  March  1972, 


Irish  Flyer  III 

Irish  Flyer  HI  was  designed  as  a  super-light  posher  configuration  in 
order  to  demonstrate  basic  capability  in  four  areas;  l.  powered  pilot 
recovery,  2.  powered  stand-off  guided  delivery  of  ordname  or  cargo, 

3.  special  military  applications,  and  4,  sport  flying. 

Level  flight  Irish  Flyer  HI  performance  curves  for  horsepower  vs 
velocity  were  computed  and  are  given  in  Figure  8-13  and  11-14.  They  are 
based  on  the  NASA  flap  data  (Figure  8-15)  and  the  Notre  Dame  flare  data. 
These  curves  are  useful  in  attempting  to  understand  the  Saturday  flights 
(1-3)  and  the  Sunday  flight  (4).  ^ 

Considering  first  Figure  8-13  we  note  that  for  the  Saturday  take-off 
velocity  of  approximately  24  MPH,  the  Parafoil  has  a  trim  angle  of  8°  with  a 
flap  deflection  of  1/3.  ILc  Horsepower  required  fat  flight  is  9.5  HP,  How¬ 
ever  when  the  tow  line  was  released  and  power  was  applied,  the  engine 
propeller  torque  produced  a  right  turn  which  required  a  full  left  control 
deflection.  This  control  deflection  was  scon  to  produce  a  measured  trim  of 
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the  Parafoil  of  11  and  a  2/3  flap  deflection.  The  resulting  flight  point  is 
shown  in  Figure  B-13  which  yields  a  flight  velocity  of  21  MPH  at  a  required 
horsepower  of  9.0  HP. 

On  Sunday  the  original  1/3  flap  deflection  was  removed.  As  a  result  the 
take-off  speed  increased  to  34  MPH  which  indicates  a  Parafoil  trim  of  0  and 
a  required  horsepower  of  19.5  HP.  After  release  from  tow  and  the  application 
of  power,  it  was  again  necessary  to  apply  left  control.  As  a  result  the  new 
trim  of  the  Parafoil  was  measured  to  be  4°.  Thus,  the  curves  now  yield  the 
horsepower  required  for  flight  of  10.5  HP  and  a  flight  velocity  of  25.5  MPH. 

Now  considering  Figure  B-14,  the  Saturday  take-off  speed  of  24  MPH 
yields  a  trim  of  6°  on  the  1/2  flap  deflection  curve  and,  thus,  a  required 
horsepower  of  9.5  HP  .  After  tow  release  and  the  application  of  power,  a 
left  control  deflection  was  required  which  produced  an  observed  flight  trim 
of  11°.  Using  the  full  flap  curve  we  read  a  level  flight  velocity  of  18  MPH  at 
a  required  horsepower  of  7.0. 

For  the  measured  Sunday  take-off  speed  of  near  34  MPH,  the  performance 
curves  indicate  a  trim  of  0°  and  a  required  horsepower  of  20  HP.  After  tow 
release  and  the  application  of  power,  a  left  deflection  was  required.  The  ob¬ 
served  flight  trim  of  4°  using  the  1/2  flap  curve,  yields  a  flight  velocity  of  26 
MPH  and  a  required  horsepower  of  10.5  HP. 

Both  the  Notre  Dame  and  the  NASA  data  yield  similar  flight  performance 
estimates.  The  Saturday  flights  are  seen  to  require  less  horsepower  than 
the  Sunday  flight.  However,  the  Saturday  flight  trim  of  11°  at  large  flap  de¬ 
flection  is  not  desirable.  Also,  the  Sunday  take-off  trim  of  0°  and  the  Sunday 
flight  trim  of  4°  is  equally  undesirable. 

The  preceeding  analysis  suggests  that  future  flights  would  be  enhanced 
if  a  trim  of  approximately  6°  on  the  zero  flap  curve  was  used.  Thus,  the  take¬ 
off  speed  should  be  reduced  to  near  26  MPH  at  a  required  horsepower  of  9.5 
HP.  The  left  control  may  be  reduced  by  yawing  the  engine  and  by  providing  a 
method  of  introducing  slight  wing  warp  trim.  It  is,  therefore,  estimated  that 
the  improved  flight  condition  may  be  represented  by  a  trim  of  8°  at  zero  flap 
deflection  which  yields  a  required  horsepower  near  9  HP  (NASA)  or  7.5  HP 
(ND).  This  flight  condition  should  yield  a  flight  velocity  of  25  MPH. 

Also,  by  using  the  trim  stick  control  and  the  magic  flare  controls,  the 
flight  speed  may  be  changed  in  flight  to  below  20  MPH  or  increased  to  over 
35  MPH  depending  on  the  engine  output.  The  engine  output  has  been  increased 
since  the  last  flight  by  utilizing  ram  air  carburetor  intakes  and  by  removing 
the  cooling  blower  from  the  engine.  The  latter  change  has  also  reduced  the 
engine  weight  by  30  pounds.  Additional  engine  time  should  also  improve  its 
output. 

Thus  Irish  Flyer  III,  which  flew  12  miles  on  its  last  flight,  should  be 
able  to  yield  improved  performance  in  the  next  test  series. 
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Summary 


The  Irish  Flyers  have  demonstrated  stable  flight,  controllability, 
and  flare  landing  capability. 

Irish  Flyer  II  now  has  a  new  engine  and  is  ready  for  flight  testing. 
Irish  Flyer  III  has  been  optimized  in  trim  and  power  and,  thus,  is  also 
ready  for  flight  testing. 


*On  27  April  1972  Irish  Flyer  III  was  officially  flown  at  Notre  Dame 
for  the  U.S.  Air  Force  which  was  represented  by  Col.  Charles  Scolatti, 

Director  of  Air  Force  Flight  Dynamics  Laboratory;  Lt.  Col. Ernest  J. Cross,  Jr. , 
Chief,  Prototype  Division;  Mr.  Leo  Hildebrandt,  Chief,  Vehicle  Equipment 
Division;  Mr.  Harley  Walker,  Aerospace  Engineer  and  Lt.  Col.  William  L. 
Gaiser,  Chief  of  the  Optical  Weapons  Delivery  Systems  Branch,  Air  Force 
Armament  Laboratory. 
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•e  B-3  Irish  Flyer  II 
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Figure  B-ll.  Saturday  Flight  of  Irish  Flyer  III. 


Figure  B-12.  Sunday  Flight  of  Irish  Flyer  III. 


■■■■■■■■■■■■■■■■■■■■■■■■a  Bagaev'***?' 


MBMuiiiiiimiiiiiiBiiu^iiMinii  . 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbs:bb  iHiaiiiHi 
— — — ■■■— ■■■■■■■■■■■igaai  cawaBSB 

■■ 


IihhhMMMIBMMH 

;»gaHiiiiiiiiiiiiiii  iiiiiiiii 


■BBBaBBBaBBBaaBBflBffiSBaRBBBBBBagagaa 

iRBflfBBBBRBRBRBBBBBBiBBaBBBBfliaRSB 

laiaaaaaaaaaaaaaaaaaaaaaaaaaauaaaBaaaaaia 
aaaaaaaaaaaaBaaaaBBaaaaaaaaSaaaagaaaaai 

aSsssKSSusssssssssssssSsSsssssSssSsffl 

BHaBRaiaiBBiiaiiaiiaiiaiiiiiiiiaaiBaiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiin 

|BBRRaRRaaaRRBaauBaBaBaaRBBiBaBaaaaaBaBaBaaaaBRaaBBBaaaBaaain’?iaaBBRaBR 
[BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB1  rTfIBBBHHBBB 
[RRBBBHBBflRBRBRBRflBBBRBflflBBBRBRHBBBBflBaRBBBRBBBBBBBBBiRBHBBBB BBBBBBBBBB 
BBBBBRBBRBBBBBRBBBBBIBBBRiiiflBBBBRaiBiaBBRBBRaiBBBBBBBRBBBnBaBBBBBaBRBS 
BRRBBBBBRRBflBflRBBBBRRBBRRBBBBBRBBRBBHBBBBRBBBBBBBRBBRBBBBBBB BBBBBBBBBB 
|RRRRRRBRBBRRBRRBBBRBRBBRflBRRBRBBRBBflBBBBBBBBBBBBBBBflRBBBBBBH  BBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 

SSSSSSSBSSSSSSSBSSSSSSSSBSSSBESSSSSSSSSSSSSSSSSSSSSSSSSBE^SSSSSSSSSS 
bSBBbbbBbbSbHSbbK5SSS!S™BS5BSSSSSSSSHS!SSSSK!SSKSBSSSS3bbbSbB3 

BBBBBBBBBB BBBBBBBBBBBi'BBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBB  LKjBBRHB^H 

[SBSSSBBBSBSBSSB&BSBBSbvB  aSBBSSBBBfiSSBBSSSSSpSSSSSBSUBSSSSSa  aBBSSSSa 
BSBSBSBSSSBSSBSSSBSSbSSbbbBSbSSSBSBBSb&SSB&BbSBbSBSBrSBSBBSSSBBbSSSBBS 

RRRBBflBBBBBRRBflBBBBR^BBBkRB^BRRBBRBRRBRBRRRBBRBBBfl BBBBBBBBBB BBBBBBBBBB 

lBBBSSSBMBBBB58B8E*8SSB”SBa”n"S5S8SBSSS5S5BSBSBBBSSBB8S8SMSS8B8BB8S8mln 

BBSSBBBSBBSSSBBBBB^BBB£r»?S&»SSBSSBBSSSSSSB58SBSBSSSSBBBS?B5SSSBSn 

iHSMKBBBBBB  BBBBBBBBBBt.',BBBB^BB3BBBk^BBBBBBB  BBBBBBBBBB  BBBBBBBBBB  hjlBBBBBBI<(l 
aBBBBBBBBBBBaBBBBBBBa^BBBB^BkBBBBBBHRBBBBBflBBBBBBBflBBBBBar.BB BBBBBBBBBB 
BRRBRflBBiBBRRBRB^BBBB^BL?BBBkBBRBai  3BBBflRBBRBBBBBBk;£BHBRiBBRBBa 
RRBBBRBfll  IB^R^BRBk'BRBBHBBBBBC  HBBi 

^  •**«**»•  ^^^SBSmb!b!bbbwS!BBB||||BH 

BBiBBaBBflBfl&flBBBBBBBBiBflB^BBk.',BHBBk\^BflBaBiflBBBBBBBBBflBBBBBBBHHBHmi 


8! 


■■HHBHHHHllI»BBBBRBRBBBaaBRBBBHBRRBBBBB».l 
— BBB.  BB,  ail  tau  iBRBBBBBBBHBHR  Rfl 

BBBBBBBBBB^BB^BBBB.IBB.IBBBBBBBBBBBBBBBBBBBBBBBBBBBB'.a 
— B— — ilili  IBB^BBBklBl  VBBRIRRBBRBflBBBBBBBMgiiiiMM 


flflflBBflBBBaSSSSSSSSSREflRflflBRaBB^BRV . 

.feg-.BfiBBBBalBBBBBBBBBBBBBBBBBPI^BR^BliaL 

■  ■  I .  .  IgllBBflBBi  mm  !■■■■■ 


SSSSSSSSSSSSMHI 

H  IB!  BBBBBBBBBB 
[bbbbBBbbbbbbbbbbbbbb 


BRkBBrflBflBBRBBflBflRflBBBBRBBBBSMBBSK^ 

Bl«ai  — r - -  BBBB  *ilRBB'J 

HBBRH 

■■■aiBan 

RaBirtBBBi**! 


BBBBflflflflBBBBBBBaiBBBBaBBBBBBflBBHBBBBk.'BBWBg|  IBBBRBBRBBBHBBBBBBB  rMBB^BBBBB 

SBSSSBBSBSBBBBSBBBBBBBBBBSBBBBSB8B:!^5:Si»BSBBBBBBBSBBBSSBB8BBBSB8B^ 

SSSSESSSSSSES8SSESSSSSSSSSSSSSBSSSSSSS£!&'8SSSSSSSE8SSSSSSSiSBSSSSSSE3 

HllliiIlliflllBBBBBBBgBBBBBBBBBBBBBBBBi:BB  s  wbbbbbbbbbbbbbbb  bbbbbbbii? 

■BjBaiigiBaaaaB-niiBnmn11 - niurnnaanniimiilr  in  Ti-riBBinnaBaiBiaaBi  biibbbbm—| 

3@as$!8Sfe&iHflRBBiBB  fl liBRBRRBMHaiaBRiRr . “ . . . 


IflRB 


RR  ^BRBflBBBBBBBBBaRBBBwBBRBRBBRBBB?  7 

illillll  filll  IHBIIII  II  iflBBBRiBBBBBBBBBR  BBBB  IC3 

BIRIIHBBiaili»  IBIlBIBIlIBBBlirUBiH  iElllBIB  UK?  I 

BBBBBflBBBBRRBBBBBBBBHBBBBBRBBBBBBBBB».rl*B*>;„,di„„n_.^.MiH.M>._k^r.WBBBBBtH 
BBBBgBiBBBBBBBBBBBBBBBBBBBBBBBBBBBB—— MB— 
■BBBBBBBBBBBBflBBBHBBBBBflBBRBBflRBBBH 

■*rr*S!i  i  ■  ■bbrrbbbbbbbbH  ...  _ _ _ 

pBBBBBBfliBRBKI  I  •  I  IBBBBBRBBBBBBBRBHBBBaH 

PWbbbbbbbbbbbbbbbbbbbbbb.  bi  ibbbibbbbbbBBbibbbbb 
BflBBBRBRBBflBBflBBgBBBBBBBBBRMMMMMiiiiBMMMMM 
■BBBBBBBBB BRBRRBBBBRRBBRBRB 

bBbbbbbbhbbbbbhbi  ■’  .  . .  . 

BiaBBRaBBBBRBRRfliBfiBHBBBflBRBBBBBBBgagflRBRBlBBBgBRBBBBaBRiiBiHHBHI^H 
BBBBBBBBaBBaB.BBBBBBBBBBRBBBBBBBBBBBiRBBBBBBB5BBBBfliBflBBBBBBa r^BBBBBBB^ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBBar?1BBBBBBa:l 
g— IgglBBgggBBglillggBBBBlBBBggBgBliiBBBBBBBBBBBBBBBBBBBBBBB  BBBBBBBBB  s! 
^■■■■■■■■■■■■■■■■■■■■■■■■•■■■■BiiBBRBflRRflBBBflBaBRBBBBflaBaBBBBBBBBra 


BBBBBBflk,3l  BBBBBBBBBBBBB^BH  BBBBBBBBBH 
BBt.^«BBE-  ^BRRBBRBBRflBflB^Cr  BBBBBBBBB!! 
■BBBBb»bBBBbBbBBBBBBBB1BBB  RBBBBBBBhal 
■aBaBaBBMMMBflBBBiRBflBRBil HBBBBBBBBn 
BBBBBBBBHBBBB RBBBBBBBKa 


ikbI 


S  'iiBBRBflBflBBRBRflBRBBBflflB  RBRBRBBH^HHMBHB 

BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB  BBBBBBBRM 
■BHBBBBBBBHlBBBBBBBBHBBHaBHBBHBBHBBHBBBH BBBBBBBBBB BBBBBBBBBB  BBBBRBBBHB 

|8s|||5BSBBSSBBBBbSBB8SBBBSB5Sb8bbBSSBBBbSBBEBBBBb8SB8SBB88bBr88Bb85SBbb 
bBSBBBSBBBSBBSBbBBBBSBbBBBBBBBBBBSSBSS8BBBSBb8BbrS8bBBbB8BSb hbBBBSBBSE 

RBBBaBiBBBRBBBBBBaBBaBBBBBRBBRaBBBBRBBBBBBBBBRBflBBiBBBBRBaBBrrBBBRaaRB 
|BBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr.^BBBBBBBB 
■IBIIIIigiBIBBIBIIIBIIilBIIBIBMHHMHaMHHHHHMMBHHMI 
BBBBBBBI  .  B)  IBBBBBBBHBiBBiaaBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 


■bbbsbbb 

|RBBBBBBBBBBflBRBBBBBBBBBBBBBBBBBBflflBBBBfliBBflBBBBBBBBBUffiBBBBR BBBBBBBBBB  I 
iBBBBBBBaBBBBBBBBMaBiBapBWBMHapNBBBaBBaBBiiBBBBBBflRBBBBBaaaBa BBBBBBBBBB  I 

BUBBBBBnBBBflBigBBBaaRBBBBBBBBBaBBBBflBBBaaaBBBBBBBBBBaBBBaaaaBBBBBBaBBBl 
■flBBagBBarrnBBiiBHBBf>JIBBBBBBBBIiBBBgB|BBB|;UflBBBBBBBJjiBBiBBBBflL:'JBaBflBagiB 
WBgliiBMK:lJB«iMgja^HHWBBBBBSBB«igWBB®6J5ig*MaiB«BBg**fflM»SaB«*aiBg*Hi 


BBBMM 

BBBBHBBR 

■RBBRBBB 


^SBBBBBBwBgBBBBBBBBBBaBBBBBBBBBBSBBSBBilSSMaSMBBSl 

■fiBBBBflBBBRBBBflRBBBflRBflBBBBt^/iW';)  l'^!(<l!ipBHBHBBHB 


brbBbbbbb 

BBBBBBBBB 


BBHBB^'JBBBBBBBRijBMH 

BRBBBE JBRBBBRBBRRflBBBNI  .  . 

■flHBBBBBBBBBHflBBHBiaBBBflBRRBaBBBBBBBB| 
Kl>  CBBBB BHBBBgBBRB BBBBBHBBHHBBBBBBBBBbI 
IBBiflBBBBBMBBHgBBBgBBfiSiaBUiBBBBBBBBaiiBBBBBBgl 

_ _ _ _ _ ■BfliBflBRBBgBBIRiBBBiBBBBBRaBBBBBBBBBB|BBBBBBiil 

IBBRRBBBflBBBBRBBRBBRBBRBflflBBflfiflBRBBRBBRBBRR BBBBBBBBBB BBBBBBBBBB I 
iBBBSBBBBBBBgRBBBBBBBRRBBRflBflRBRBBBBBflBPBBBBBBBBRBBBfl BBBBBBBBBB I 
BBBBBBBBBBBBBBBBBBBBBiBBBaBBBBBBBB|IBBBBBBBBBBBBBBBBBBBBBBBBBBB| 


BBBBBBBBBBBBBBBBBBBB bbbbr 
MjHBjjjHMHjiiBag 


iBRBBBBflHRRBBBBHBBRBBBBBI 
llBBBBBBBBBBBMBBBBMBB 


96 


SIlBBaBBaBBBaBBBBBBaBBBBBBBBBBBBflEflflBBBBaflBBaBBBBBBBBflBBBBBfilBflrVBflBBflBB 
■nBflBBBBBBBBaBBBBBBBBBBBBfliiiBBBBBflBBBflBBBflaBBjraBBBBBBBBIjflB  Brj^BBBBBBB 

mBBBBBBBBBBflBflflflBflBBBflflflflBBBBBflflBBBBBBBBMBBflBBflB»BBBBBBaflaflBBBBBBBflB 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBBBBBBB 

— BBMjjBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi  BBBBBBMM 
■■■■BMMMBMBfiBfiHnBMBBBBMHflB 

_  _  _ _ -  -  _ Mil  BIT.IBBbB  ... 

■BBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
aiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB 
■■■■■■■■■■■■■■■MiiMBBaaHHaaiHBMBB  BBBBBBBBBB 

..MBB  BBBBBBBBBB 
.  _ _ _ BfeBBBB  BBBBBBBBBB 

MHMHHHHHHHHHHNHHHHNiHHHHMHHHRHHMiBBBBBBBBBBBBBrsBi 

BBBBBBBBBB^BB^B^BBBBBBBBiBBBBBBBBBBBBlBBgBBBiBBBBBBBBBBBBBSCI BBBBBBBBBB! 
■MMHHMHMHMBMfljiiMHMHMHBBBMMBBHSBBBBI  BHBBBBHM 

WW W— —— — i — — — 1WBBBBBBBB1 —Bbbbbbb  imbbb^H 

kiiBiiiiiagfiBiB^BWBB  ^^=~==========r=======s=====s=rc========  ■rr>iaBa^^H 

IBBBBBBBBBBBBBBB^Bk'aB  ''BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBB  BBBBBBBBBB 
BBBBBBBBBBBBBBBB^BBr**i.sBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBBBBBBB 
BBBBBflBBBBBBBBBBBk^B^kVBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBI BBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBr'IBi^k'kBflflBflBBBBBBBBBBB BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB' 
BBBBBBBBBBBBBBBBBBBB^Bk’^.'k^BBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBC 
BBBBBBBBBB  BBBBBBBBBB  B>.''BkVk'MBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBL 
BBBBBBBBBB  BBBBBBBBBB  BBOBk.'  ^B^BB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB  BBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBB^Bk:1B^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB 
g— MiMiMBM— gji  bi  ■>  ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbm  ■il(ibbbbbb=i 

■BBBBk BBBBBBBBBB BBBBBBBBBB BBBBBBBBBM  Bk4BBBBBflF!V 
BkBBBBBBBBBBBBBBBBBBBBBBBBBB*MB  BBBBBBBBBC 


BBBBBBBlBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBB[3 
BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBiaHIHiBH 

bEBbbbbbbbbbbbbbBbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbi 

jBBSBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

^^^Bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb  bbbbbi 

^^■■■■■■■■mHHiiiaBBmaBaaaBBaBHBBBBBBBBBBBBiflBBBBBBB  BBBHH 

■^^■^^■■■■■■EBBBBBflBEBBBflflflBBBBBip 

!|BBBBBBiBBBBBBBgBBBBBBBfl| 

BBBBBBBBBw"  BBBBBBBBBB 

BBBBBBBBflB^BBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBiBBfl^^^l 
BBBBBBBBBB Bk^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
bbbbbbbbbbcbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI^^^B 
BBBBBBBBB^BkBB^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB— — — — 

■HBMMMMMMMiiBBMHMMHMHMpiillli 

■BBBBBI 


gSKSH 

■BBBBBBBBB 


BBBBB BBBBBBBBBB BBBBCBWIBBBBB 
BBBBB  BBBBBBBBBB  BBBflBk.',Bk'Bk^BB 
(an  ji 

BBBBBBBBBBBBBBBBBBBBBBk'B^lUBBBBBBBBBBBBBBBBBBBBBBBBttBB  BBBBBBBBBC 

Bf BBBBBBBBB  mm  BBBBBBBBBB 

BBB^k.''Bk'BBBBBBBBBBBBBBBBBBflBBBBBBfl  BBBBBBBBBH 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBk*k.\,Bk,|BBBBBBBBBBBBBBBBBBBI 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB^k^B^BBBBBBBBBBBBBBBBBBI 
NBBBBBBBBBBBBBBBBBBBBBflfiBBBBgflB.'lk'^B^BBBBflBBBBBBBBBBiEl 


Ml 


KH  BBBBBBBBB 

IbbbbbbbbbI 
ibbbbbbbbbbbbbi 
■■■■bbbbbbbbbbbbbi 

■BBBgBBBBI 


BBBBB  BBB 
bbbbbbbbbbbbBIbb; 

■■■■■iilBBH 


BBBBBBB  BBBBBBBBBM 

.  . . .  ■BBBBBflfl  BBBBBBBBBM 

B  BBBk'.WMBBBBBBBBBaBBBaaBBBaaBBB  BBBBBBBBBM 
BflBkB.NBkBBBBBBBflBflflBBBBBBBBBBflB  BBBBBBBBBM 
■flaaBk'»Vlk'MBUBflMIBEBflBBIflflBBBBI*k;^BflBBBBr. 
■■BBBBB^k^BdlBBiBgBBBBBBBBBBflBBBBB  BkJlBBBBBB3 
BBBBBBBBB.Mk  'ikBBBBBBBBBBB  BBBBBBBBBB  BBBBBBB BBB 
MMMHBBkVk,  Bk’M  BBBBBBBBB  BBBBBBBBBB  BBBBBBBBBn 
l-'iS  Si 


I  BBBBBBBkVS*'  ========"  :  BBBBBBBI 


jBBBl 

BBBBBBBBBB  BBBBBBB hiJBBBBBBBr:-I«l2,,5BBBBBk'Bk'B  MBBBBBBBBBBBBBB^C“  BBBBC^BBBI- 
BBBBBBBBBB BBBBBBBBkk.  ''BBBBBBBBB BBk^BBBBA V  C33Z2C ZZZZZZZZZZ  BBiBBNBBBH 
!  aaiBBBBBBBBBBBBBBBBBBkfcirtBBBBBBBS  kkii  SBBbE BBBBBBBBBB  BBBBBBBBBC 

MBBBBBBBBB  BBBBHUMBBBBBBBBBBBBBBBBBBBBBkkSMik'B  k^k'BBBBBB  BBBBBBBBBB  aIT>IBBT1BBB7:j 
^BfcKSBBBBABBBBBiiiBBBBBBBBBBBBBBBgBiBB^JjViMjlBBBBBBiiiiBBBBBBhgBCIJBBBCI 


IBBBBBBBBBBBBBBBBBBBBBBBBBBl 


t^BBk'.S iliBBBBBBBfliBBBBBMi 

■  ik’ivui  i»ii 

lflBB^;1M  VJBBBBBBBBBBBBBBB 
■BBBBBI  U  I  BBBBBBBBBflBBBBM  BSisS 
|BBBBBBi^'.BBBBB  BBBBB  BBBBB  BBBB 
jBBBBBBBMM'BBBBBBBBflBB&ilBfl  BB| 

MBBBBBBBBBBBBBB  EflH _ 

BBBBBBBBBBBBBBBB BBBBBBBI 
IBBBflBBBBBBflB  BBBBBBBI 
(BBBBBBBBBBBH BBBBBBBI 


■BBBBBBBBB  BBBBBBBBBB  BBBBBBBBBBBBBBBBBBk.^IBBBB  \  BBBBB  BBBBBBBBBM  BlVjBBBBBBn 
[BBBBBBBBBB  BBBBBBBBBB  BBaBBBBflBBBaaBBBBBBB^BBBlA'MBBBgaBBBBBBPBMBUCIBBBBBBBij 

SMBBBflgBBflBBflflBEBBBBBflflBflBBBBBiaBBaBBBiBh^iaflrk'BBBEBBBflBBBCrr  BBBBBBBBBr: 
■BBSBflEflEfiBBBBBBBBBBBgBBBiBBBBBBfllBflBBBBBih^flBBkABBBBBBBflBBBfM  BBBBBBBBBF.  j 
nBBBiBBBflaBBBBBBBBBBBiBBBBBBBflBBBiBBBBiEBaB^BIMBBaaBBBBBBBiHBBBBaBBBBn 
BBBBaBBBBBEEiBflBlBBBBBBBBflBBBBEBBBBBflBBBBBBI*W:'B^aBa*P>a""<«''*,flBBBBBBBBi- 
BBBBlBBBBBBBBBBBBBBBBBBBBiBBBBBBBEBBBBHIBBiliBMiL^BBBBBBBBBaiiBBBBBBBBaBf 
BBBBBBBBBB BBBBBBBBBB BBBB BBBBBBBBBBBBBBBB BBBB* BBBBB BBBB BBBBBI BBBBBBBBBB 
BBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBEBM BBBBBBBBB*! 
|BBBiBBflflEBBBBflBBBBBBBBBBflBiiflBBiBBBBflB|flBBiBiBflBBBBBBGBBBBHBflBflBBflBBal 
EBBBBBBiBBBBflBflBflBBaBBBBBBaaiBflBiflBBBmBBaBBBBBBBaiBBBBBBflBarnBBBBBanl 
BBBBBBBBBB BBBi&BBBBBBflBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBM BLi!  IBBBBBB7: I 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBB  BBBBBBBBBB 

bbbbbbbbbbbbbbbEbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbm bbbbbbbbbb 

aflBaBBBBBaBBBBBBBBBBBBBBBBBaBBBBBBBBBBlEaBBBBBBBaBflBBBBBBBBMBaBBiBBaBI- 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBM BBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBM  BBBBBBBBBB I 
■■■■■■■■BBBBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBM BBBBBBBBBtll 
BBgiBBflBBBEBBBBBBBBBBBBBBBaBgBBlBBgiBBBBBflBBBBBBBflBBBBBBiBBH BBBBBiBBBgl 
flBEBBBflB|BgBflBflBBBBaBflB3BBgBgBBEBflEBBflBBBiBBflBBgBflfBBBBBflBBH BBBBBBBBiEI 
BBBBBBBBiflEBBBBBBBgaflBBBBBiBfliflBBBBBBBBBBaBBBBBBEaiaBBBBBBB* BKJSBbBbBBbI 

BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBB BBBBBBBBBM BUklBBBBBBfll 
BBBBflBgBBBBBBBBBBBfiBBBflBBflBBiBBBBBBBBBBBBaBBiBBBBEBBBBBBBBBMflBBaBBBBBBl 
BBBBBBiBBaBBBBBBBBBBBBBBBBBBBa BBBBBBBBBBBBBBBBBBBB BBBBBBBBBM ■ BBBBBBBBB  I 
■BBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ■■■■■BBBBBI 
bbbbbbbbbbbbbbEbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb5bbbbbbbbbbbm BBBBBBBBBB! 
BBBBBflBBIIBBBBflBIIIBBIBBMMHM|MMMii|||MMiMMMHMB 
BBBBBBBBBB BBBBBBBBBB BBBBfl 
■BBBBBBBBBBBBBBBBBBBBBBBM 

BBBBBBBBBB  BBBBBBBBBB  BIBBS'  BA1BBB  BBBBBBBBBB  BBBBBBM 
BaBBBBaBBBaBBBBBBBBM  ■■■■■■■■■■ 

IEbbbbbbbbt,ibbbbbbbb  ;;ssssks  S'llBBBflBflBBL^BBBBBflBBlIrlBBSBBBBB'JflflBaaBBBBl 

^»B*B«BBBSMBBBBBBBINBBBBBBBBBCJBBBgBBMcjBBBBBBBBBB*i*B»s8«g8*gB«ffl«»»is| 


BBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBB. 

BBBBBBBBBBBBBBBBBEBBBBBJMBBBBBBiBBBBBBBBBBBBBBBBBBl 

fl9EBBBBBaBBEiiaflBaBEiBBSaEBBr=''Tr;’:cqn3TBBflBBflBBBBBI 


■■BBBBB BBBBBBBBBB BBBBBBBBB 
■■■■■■■ BBBBBBBBBB ■■■■■■■■fl^ 

HBBBBBBBBBiBBaBBBBBaBBBB&il 
BBBBBBBBflBBBBiBBBBBagBl 


2/3  Flaps  ACD  =  .076 
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.286 
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.338 

14 
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.357 
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.432 
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Full  Flaps  ACD=  .076 


0  Flaps  ACd=.076 


Figure  B- 15.  Aerodynamic  Coefficients  for  Flap  Deflection  (NASA). 


*The  NASA  data  ^  was  all  increased  by  ACp=  .076  to  account  for  the  added 
drag  due  to  flight  payload. 

**The  resulting  total  drag  was  then  reduced  by  ACq=.05  to  allow  for  the 
improved  flight  rigging  and  Parafoil  configuration. 
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